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A Seven-Day Journal 


Progress in Salvage 


REFERENCE has already been made in our columns 
to the salvage scheme inaugurated by the Ministry 
of Supply, under the leadership of Mr. H. G. Judd, 
the Salvage Controller. It is now stated by the 
Ministry that since the beginning of the campaign, 
about five months ago, local authorities in England, 
Scotland and Wales have quadrupled their sales 
of salvaged materials. Income from materials 
salvaged, and sold has, according to the Ministry, 
increased from a rate of £336,000 a year, five months 
ago, to a rate of £1,380,000 at the present time, an 
increase of more than a million pounds a year in 
income. In November last out of 1012 local authori- 
ties communicated with 316 reported salvage schemes 
in operation. That number has increased to 850 
and is still growing daily. Last November waste 
paper collections by local authorities brought in 
4500 tons of paper. In April that amount had 
increased to 15,000 tons and similar increases are 
shown in respect of other salvaged materials such as 
ferrous and non-ferrous metals, textiles, bones and 
other articles. Work has now been extended to the 
small local authorities in areas with a population of 
5000 and upwards. Apart from the effort of local 
authorities, substantial quantities of ‘‘ waste”’ 
materials are also being retrieved for re-use in industry 
by merchants and by voluntary organisations. While 
the progress recorded above has been considerable 
and quite encouraging, the Salvage Controller, 
Mr. H. G. Judd, states that there is no ground for 
complacency. While many of the Councils are tackling 
the work thoroughly, it is equaily true that a number 
are doing very little, and a few nothing at all. It 
should be realised, Mr. Judd says, that we are at a 
critical stage in the war, when raw materials are 
being used up rapidly, and the assistance of every 
single council is absolutely necessary. It is also 
necessary to remember that even more important 
that the money value of the income from salvaged 
material is the fact that salvage operations. at home 
reduce the necessity for buying abroad, save shipping 
space for vital supplies and reduce the strain and 
risk to which our seamen are exposed. By saving 
waste we can save lives and help our country to 
victory. 


Britain’s Increased Sea Power 


An official statement on naval affairs points out 
that the enormous strength of British sea power 
continues to grow despite the worst that the German 
U-boats, mines and aircraft have been able to do. 
The total tonnage of such losses as have been incurred 
is but a small fraction of the British warship tonnage 
which was nearing completion at the outbreak of war. 
For more than three years before the outbreak of war 
a vast naval rearmament programme had been in 
hand, with the result that at the beginning of 1939 
almost a complete fleet was under construction. 
Apart from naval auxiliaries, the following ships were 
under construction on February Ist, 1939 :—Seven 
battleships, five aircraft carriers, twenty-one cruisers, 
twenty-eight destroyers and twenty-four sloops, 
mine-sweepers, patrol vessels and motor torpedo- 
boats. Many of these ships were already nearing 
completion and have since entered the service. 
On February 28th a further naval building programme 
was announced, providing for the construction of 
two battleships, one aircraft carrier, four cruisers, 
thirty-six destroyers and four submarines, along with 
a number of smaller craft. At the outbreak of war, 
therefore, there was already building in Great 
Britain a fleet far more powerful than that built or 
building by Germany. Since war broke out other 
additional war building programmes have been put in 
hand. They are secret, but Ministerial references 
by the First Lord of the Admiralty have mentioned 
the building of nearly a million tons of warships of 
all classes, and the reinforcement of the Fleet by 
five modern battleships and specially designed craft 
for hunting down U-boats. When the immense 
and ever growing power of the British Navy is 
realised it is easy to understand how Great Britain 
can earmark adequate forces to safeguard her interests 
in other areas, while continuing relentlessly the 
struggle with Germany in the North Sea. 


Sound Transmission in Buildings 


WITH a view to developing methods of construction 
which will reduce noise in buildings—a subject which 
has been, and will be, of increasing importance in 
peace-time building—the Department of Scientific 
and Industrial Research has carried out investigations 
for the past few years at the Building Research 
Station and the National Physical Laboratory. The 
practical results of these investigations are embodied 
in @ report recently published by H.M. Stationery 
Office entitled “Sound Transmission in Buildings,” 
by R. Fitzmaurice, B.Sc., A.M. Inst. C.E,, and 
William Allen, B.Arch. A.R.I.B.A. The report 





is divided into three parts, of which the first deals 
with the ways in which sound from various types of 
noises is transmitted through a building. The 
second discusses the insulation necessary to reduce 
the noise adequately, having regard to the conditions 
prevailing inside and outside the building. This 
subject is treated very neatly by a number of dia- 
grams, which make no reference to units of noise, 
but from which the minimum insulation suitable can 
be read off. But as long as houses are built, as they 
usually are, with their parts solidly linked and con- 
tinuous, there is a level beyond which the noise 
cannot be reduced, so the third section is devoted to 
discontinuous construction, a new structural technique 
developed during the course of the researches. A 
unique feature of this section is the working out of 
suitable examples. For instance, complete archi- 
tectural drawings are furnished for a set of flats which 
have been designed keeping in mind both the planning 
and structuralaspects. Hospitals, offices and dwelling 
houses also receive attention and drawings are given 
for particular points of construction. The Building 
Research Station has been employing the technique 
for some time in dealing with special problems of 
sound insulation which have been placed before it. A 
number of semi-detached houses have been built which 
incorporate the new ideas, and buildings of several 
other types have been dealt with. Im all cases it 
appears that the methods suggested are having the 
desired result. It is not yet possible to anticipate 
accurately the actual degree of insulation which can 
be attained in any instance, but it is known, from the 
experiments carried out, that without adding 
materially to the weight of a structure, insulation 
of the order of that given by.some 6ft. or 8ft. of solid 
brickwork can be attained between neighbouring 
rooms in buildings. 


The R.I.B.A. Research Board 


Tue Council of the Royal Institute of British Archi- 
tects has appreciated the need for a systematic study of 
the problems of the building industry. A special com- 
mittee has been engaged in preparing a syllabus of 
research and methods by which it could be carried 
out,and as aresult the R.I.B.A. Council has appointed 
a Research Board to put the scheme into operation. 
The syllabus covers certain aspects of rural building 
requirements, urban housing, materials, costing, legal 
and building regulations, town and country planning, 
health and recreation, and unification and standardi- 
sation. Its scope is regulated by the desire to cover 
fresh and unexplored fields, and to deal with broad 
principles rather than with the details of actual 
buildings. A further series of Committees represent 
an Architectural Science Group, whose object is to 
study and report on scientfic developments that are 
applicable to building, and on the use of scientific 
methods in building. The Group has the close 
collaboration of the Building Research Station of the 
Department of Scientific and Industrial Research, 
and includes among its personnel not only members 
of the Royal Institute of British Architects but 
persons distinguished in science, engineering, research 
and technical education. Under many of the 
headings of the syllabus considerable research has 
already been done, but much of it requires collecting 
and correlating. The Research Board visualises the 
setting up of small Research Groups all over the 
country, wherever there is manifest the desire to help. 
Such Groups will undertake surveys of certain clearly 
defined problems, agreed by the Research Board, to 
whom the reports will be sent. 


Chemical Plant Export Group 


THE Chemical Plant Export Group was formally 
inaugurated on Friday, May 3rd, and it has now 
received the recognition of the Export Group of the 
Board of Trade. The broad object of the Group is 
to promote the export trade in accordance with the 
policy and procedure of the Export Council, and any 
British persons, firms, or bodies corporate, actively 
engaged in the United Kingdom in the carrying 
on of export trade in process plant, or machinery for 
the chemical and allied industries, are eligible for 
membership. The Group will co-operate with the 
Export Council and the various Government Depart- 
ments, and will welcome co-operation with other 
export groups dealing with specialised sections of the 
industry. Twenty-seven firms have already stated 
their intention of joining the Group, and any other 
firms interested can obtain full particulars on appli- 
cation to the Group at the British Chemical Plant 
Manufacturers’ Association, 166, Piccadily, London, 
W.1. Thechairman of the Group and of the executive 
committee is Dr. R. Seligman, of the Aluminium 
Plant and Vessel Company, Ltd., and the vice- 
chairman, Mr. B. L. Broadbent, of Thomas Broadbent 
and Sons, Ltd. The executive committee will 
consist of the following, Mr. R. L. Broadbent, of 
Thomas Broadbent and Sons, Ltd., Mr. N. Fraser, of 





W. J. Fraser and Cc., Ltd., Mr. J. Macgregor, of George 
Scott and Sons, Ltd., Mr. J. Arthur Reavell, of the 
Kestner Evaporator and Engineering Company, Ltd., 
Dr. R. Seligman, of the Aluminium Plant and Vessel 
Company, Ltd. and Mr. J. W. Wright, of Cannon Iron 
Foundries, Ltd. The General Manager of the 
Association of British Chemical Manufacturers and 
the Secretary of the British Chemical Plant Manu- 
facturers’ Association are also ex-officio members of 
the executive committee. The officials and com- 
mittee mentioned above have been appointed to 
inaugurate the Group, and to manage its affairs 
until the inauguration is complete. The early 
problems with which the Group will be called upon 
to deal will include the allocation of raw material 
for the export trade, particularly iron, steel and 
timber. The investigation of the best methods to 
secure increased British trade in world markets will 
follow. 


Aircraft Production Announcements 


On Friday, May 17th, it was announced by Lord 
Beaverbrook, the Minister of Aircraft Production, 
that the Nuffield Aircraft Factory and the Vickers 
Supermarine organisation have been brought to- 
gether under one management and control. In 
making this announcement, Lord Beaverbrook 
stresses the fact that the thanks of the country are 
once again due to Lord Nuffield for the public 
spirited way in which he has aided this amalgamation, 
and thus placed his vast resources at the disposition 
of the Vickers-Armstrong Company. It is further 
announced by Lord Beaverbrook that Mr. T. C. L. 
Westbrook, who until a month ago was the general 
manager of Vickers-Armstrong aircraft works at 
Weybridge, has been appointed Director of the Air- 
craft Civil Repair Organisation. In an appeal for 
volunteers for aircraft work, Lord Beaverbrook says 
that there are a large number of men competent to do 
this work who are now employed in garages on the 
repair of civilian motor transport. Applicants should 
go at once to the nearest aircraft factory or make 
application at the nearest labour exchange. Later 
Lord Beaverbrook made the following appeal :—* All 
employees of aircraft factories, aero-engine works, 
factories making component parts of aeroplanes and 
plants engaged on sub-contracts for the air programme 
are invited to work on Saturdays and Sundays, May 
25th and 26th and June Ist and 2nd. They are 
asked to work by day and by night full overtime 
for the present.” A further announcement by 
the Minister concerns light alloy supplies. Lord 
Beaverbrook has appointed Mr. F. 8. Spriggs chair- 
man of the Light Alloy Committee, with the following 
members of committee: Mr. W. C. Devereux, Mr. 
F. S. Mitman, Mr. H. W. Clarke and Mr. P. Pritchard. 
The object of the Light Alloys Committee is to 
expedite the control and supply of light alloys 
throughout the country, for which the Committee 
has complete authority. 


American Aircraft Production 


AccoRDING to a statement of Mr. John H. Jouett, 
the President of the Aeronautical Chamber of 
Commerce of America, made on Thursday evening, 
May 16th, and reported by the New York corres- 
pondent of The Times, the American aircraft industry 
is in the best possible position to expand its pro- 
duction to 50,000 military aeroplanes a year. Of the 
45 plants manufacturing aircraft, twenty-three are 
already working on military orders. The re- 
armament programme started last year and the 
quantity of orders during the last several months 
from the Allies have developed production and so 
changed manufacturing technique that further 
expansion is relatively a simple matter. In other 
words, the industry has had nearly a year’s experi- 
ence in expanding production. Bottlenecks which 
threatened increased production several months ago 
now exist no longer. The numerous related indus- 
tries which must be depended upon to supply tools 
and materials have now so arranged their facilities 
that there now appears to be no danger of bottle- 
necks in any of the supplies needed by the aircraft 
industry. The American aircraft industry has now 
about 100,000 employees in aeroplane, engine, and 
accessories factories. It has spent considerable sums 
of money in training new employees, and does not 
anticipate any great difficulty in securing all the 
necessary labour over the period which will be needed 
for the expansion of the industry. Referring to 
President Roosevelt’s recent announcement, Mr. 
Jouett is of the opinion that the programme outlined 
by the President would seem to involve slightly 
more than a threefold increase in the number of 
employees, with the factories working on a full shift 
basis. That would mean, he says, the tripling of 
the floor space of the aeroplane manufacturing plant, 
and doubling the floor space of those factories utilised 
for the manufacture of aeroplane engines. 
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An Investigation of the High-Speed 
Producer Gas Engine 


By M. W. WOODS, D.Phil. (Oxon), B.E., B.Sc., A.M.I.E. Aust. 
No. II 
(Continued from page 450, May 17th) 


Ignition ADVANCE AND THE “ SPEED OF 
CoMBUSTION ” 


PEROUGROUE the tests the ignition advance 
has been adjusted to give maximum power. In 
his work on coal gas Burstall (1925) set the ignition 
advance so that maximum pressure was reached 
at a point 12 deg. after top dead centre, this 
being found to approximate to the condition of 
maximum power. In the present tests, it has 
been found that the point of maximum pressure 
must be allowed to vary over a fairly wide range 
if maximum power is to be developed under all 
conditions of compression ratio and mixture 
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strength. For this reason, the “12 deg. late” 
method has been dropped, although it enables 
the optimum ignition advance to be determined 
with greater accuracy than the “ maximum power ” 
method. 

The time, measured in crank degrees at a 
given speed, between the point of ignition and 
the point of maximum pressure, is an inverse 
measure of the rate at which combustion takes 
place. It is not suggested that burning is complete 
at the maximum pressure point; but the time 
taken to reach maximum pressure should give 


difference between “ combustion time ” and spark 
advance, was 20 deg. after T.D.C. at 6:1 and 
15 deg. after T.D.C. at 16:1. Similar variations 
in this quantity may be observed in Fig. 9. 


THe TorQque-Seeep RELATION 


Producer gas has, in the past, been applied 
principally to large stationary engines running 
at a low speed, and it has been suggested that 
it is not a suitable fuel for a high-speed engine. 
It has been contended that the gas burns too 
slowly for satisfactory combustion in a high-speed 
engine. 

This contention is not supported by the results 
of the present investigation. Tests have been 
conducted at speeds from 800 to 2100 r.p.m., 
with the results shown in Fig. 11. At the highest 
speed the indicated mean effective pressure 
showed no sign of falling off as speed was increased. 

The Ricardo E 5 engine is designed to give a 
high degree of turbulence to the gases. It has 
been suggested that high turbulence is essential 
to the satisfactory operation of a high-speed 
producer gas engine, in order that the combustion 
may be sufficiently rapid. This may be so, and 
the matter is worthy of further investigation. 


SUMMARY OF GENERAL CONCLUSIONS 


The principal general conclusions to be drawn 
from the test results may be summarised as 
follows :— 


(1) The producer gas engine may be run at 
compression ratios up to at least 16:1 without 
detonation or pre-ignition. 

(2) With the point of ignition set for maximum 
power, cylinder pressures become excessive when 
the compression ratio exceeds 15: 1. 

(3) At all compression ratios maximum power 
is attained with a mixture 2 per cent. weaker 
than the theoretically “‘ correct.” 

(4) On account of the sharply peaked nature 
of the power-mixture strength curve, precise 
control of mixture strength is necessary if 
maximum power is to be developed. 


(5) In the absence of a stratified charge the 
weakest mixtures which will ignite and burn 





satisfactorily range from about 70 per cent. of 
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a relative measure of the speed of combustion ; 
it will be referred to as the ‘‘ combustion time.”’ 
In Fig. 9 spark advance and “ combustion 
time” are plotted against mixture strength for 
the two extreme compression ratios. In both 
cases the ignition advance and the “‘ combustion 
time ’’ reached minimum values in the region 
of the maximum power mixture. The rate of 
combustion at 15-7:1 was approximately twice 
the rate at 4-91:1. Fig. 10 shows optimum 
ignition advance and “combustion time” at 
the maximum power mixture plotted against 





compression ratio. It will be noted that the 


maximum pressure point, as indicated by the 


the “ correct ” at a compression ratio of 5:1 to 
about 50 per cent. of the “ correct ” at 16:1. 

(6) The maximum indicated mean effective 
pressure and the thermal efficiency at the point 
of maximum I.M.E.P. vary with compression 
ratio approximately in direct proportion to the 
air standard efficiency. 

(7) The producer gas engine will operate 
satisfactorily at speeds up to 2100 r.p.m. - At 
this speed there is no indication of a decrease 
of torque with increasing speed, so that con- 
siderably higher speeds are possible. 

The author wishes to thank Professor A. F. 


and criticism; and Messrs. W. B. Kennedy, 
B. Mech. E., and J. N. Almond, B.Sc., who acted 
as observers. The work has been made possible 
by a grant to Melbourne University from the 
Australian Council for Scientific and Industrial 
Research. 





APPENDIX I.—THE Errect OF DISSOCIATION ON 
THE COMBUSTION OF PRODUCER Gas-Arr MIxTURES 


Tizard and Pye (1923) have shown that the power 
developed by an engine is proportional to the 
product of the maximum explosion temperature 
and the volume or molecular ratio K, and that, for 
the petrol engine, this product reaches a maximum 
value when the mixture is about 20 per cent. richer 
than the theoretically correct. Following Tizard 
and Pye’s method, but using more recent figures 
for the specific heats of the gases and the dissocia- 
tion constants,t the author has made a similar 
analysis for producer gas. 

A compression ratio of 6:1 has been assumed, 
and the calculations have been made for a gas made 
up of CO,, 2 per cent.; CO, 31 per cent.; CHh, 
0-5 per cent.; H,, 9-5 per cent.; N., 57 per cent. 
The effect of the dilution of the charge by exhaust 


* 





50 






































= ” o ‘Combustion Time” 
« 
s a 
~ 30 =a) 
. ~, 
5 
8 20 
A mee 
s Spark Advance 
10 im ie 
0 
4 6 8 10 a 8 16 
“THe Engiwece” Compression Ratio . 


FIG. 10—IGNITION ADVANCE AND “COMBUSTION TIME’’ 
FOR VARIOUS COMPRESSION RATIOS 


products has been neglected, and it has been 
assumed that the gases in the cylinder are at 
atmospheric pressure and 100 deg. Cent. at the 
beginning of the compression stroke. 

In the first series of calculations, the results of 
which are summarised in Table V, only the 
CO,-CO-O, and H,0-H,-O, dissociations, together 
with thé effects of high temperatures on the specific 
heats of the gases, have been taken into account. 
Results of a further analysis, including also allow- 
ance for the formation of nitric oxide, are set out 
in Table VI. 
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In Fig. 12 the maximum temperatures have been 
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FIG. 12—EFFECTS OF DISSOCIATION AND NITRIC OXIDE FORMATION ON 
MAXIMUM TEMPERATURE 


plotted against mixture strength. Temperatures 
calculated neglecting dissociation are also shown 
for comparison. It will be seen that, when dissocia- 
tion is taken into account, the maximum tempera- 
ture reaches its highest value with a mixture 2 per 
cent. rich. The mixture strength at the peak is 
not affected appreciably by the formation of nitric 
oxide, but the temperature is reduced by some 
18 deg. Cent. 

It will be realised that, on account of the 
assumptions made and possible inaccuracies in the 
data regarding specific heats and dissociation 





} See Pye, “‘ The Internal Combustion Engine,” Vol. I, 1937. 
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constants, absolute accuracy cannot be claimed for 

the calculated temperatures. Relative values 

should, however, be reliable as a guide to engine 

behaviour. 

AppEenpix II.—THEr Power Output oF A PETROL 
ENGINE RUNNING ON PRopUCcER Gas 


It has been pointed out (Table I) that the net 
calorific value of the “ correct’ producer gas-air 








carried out for ‘‘ correct ’’ mixtures of the fuels. 
With the petrol engine slightly greater power 
(an increase of the order of 4 per cent.) is available 
at slightly richer mixtures, at the expense of a 
decrease (from 31 to 25 per cent.) in thermal 
efficiency. On the other hand, a multi-cylinder 
petrol engine suffers, as regards both power and 
efficiency, from the effects of inequalities of 
distribution of the fuel between the cylinders— 











TaBLe V.—Calculated M Temperatures and Composition of the Combustion Products for Producer Gas, Taking 

into Account Dissociation. Compression Ratio, 6:1 

Mixture Composition of the combustion products at the 
Degree of strength, maximum temperature. Maximum Volume 
richness, « per cent, temperature, ratio, k. 

“** correct.” Co,, co, H,0O, H,, 0,, N;, deg. Cent. 
per cent.| per cent.) per cent.) per cent.) per cent.) per cent. 

—0-40 75 13-4 0-1 4-2 |<0-01 5-8 76-5 1968 0-925 
—0-10 94-8 16-4 0-9 5-4 0-05 1-7 75-6 2260 0-909 
0 100 16-7 1-6 5-7 0-09 0-9 75-0 2297 0-907 
+0-03 101-5 16-8 1-9 5-7 0-11 0-7 74-8 2302 0-907 
+0-05 102-5 16-8 2-1 5-8 0-12 0-5 74-7 2301 0-907 
+0-10 104-8 16-6 2-6 5-9 0-16 0-3 74-4 2295 0-907 
+0-20 109-1 15-9 4-1 6-0 0-3 0-1 73-6 2246 0-910 
+0-50 120 13-2 8-5 6-1 0-7 <0-01 71-5 2063 0-921 






































mixture is approximately 70 per cent. of that of 
the “correct ’’ petrol-air mixture. The power 
output of an engine at a given speed is proportional 
to the product of the mixture calorific value and 
the volumetric, thermal, and mechanical effi- 
ciencies. The effect of each of these sources of 
power loss is shown in Table VII, the quantities 
being expressed in terms of a petrol mixture heat 
content of 100 units. The figures quoted for 








an effect which should not arise in the gas 

engine. 

ApprenpiIx III.—TuHr Loss or PowrER WHEN A 
PETROL VEHICLE IS CONVERTED TO GAS 
OPERATION 

A large majority of the vehicles which have 


been fitted with producer plants were originally 
designed to run on petrol. Their conversien to 











Tasre VI,—Calculated M Temperatures and Composition of Combustion Products for Producer Gas, Taking into Account 
Dissociation and the Formation of Nitric Oxide. Compression Ratio, 6: 1 
Mixture | Composition of the combustion products at the 
Degrees of strength, maximum temperature. Maximum Volume 
richness, «. per cent. temperature, ratio, k. 
** correct.” CoO,, co, H,0, H,, O,, NO, N,, deg. Cent. 
per cent.) per cent.) per cent.) per cent.| per cent.) per cent.) per cent. 
—0-05 97-5 16-6 1-25 5-5 0-07 1-0 0-55 75-0 2264 0-908 
0 100 16-7 1-7 5-6 0-11 0-65 0-45 74-8 2280 0-907 
+0-02 101-0 16-7 1-9 5+7 0-11 0-5 0-42 74-7 2283 0-907 
+0-04 102-0 16-6 2-1 5-75 0-12 0-45 0-38 74-6 2285 0-907 
+0-05 102-5 16-6 2-2 5-8 0-13 0-4 0-36 74-5 2283 0-907 
+0-10 104-8 16-4 2-8 5-9 0-17 0-2 0-26 74-2 2279 0-908 



































thermal and mechanical efficiencies are based on 
the producer gas tests described in the paper and 


TasLe VII.—Comparison of Power Output of Petrol and Pro- 
ducer Gas Engines; Compression Ratio, 6: 1. 


Producer 
Petrol gas. 
Mixture heat content 100 70 
Volumetric efficiency, per cent. 76 70 
Thermal efficiency, per cent. ... 31 31 
.”. Relative indicated power ... 23-6 15-2 
Mechanical efficiency, per cent. 78 


.. Relative brake power... ... 20-3 oa ee 
(100 per cent.) (59 percent.) 
similar tests with the same engine using a com- 
mercial petrol as fuel. 

The volumetric efficiency is less for gas than for 
petrol, allowance having been made for :— 


(a) The reduced induction pressure necessary 
to provide the suction on the producer ; 

(6) The reduced density of the charge conse- 
quent on the fact that it is not practicable, in 
most cases, to cool the gas to less than about 
20 deg. Cent. above atmospheric temperature ; 
and 

(c) With petrol the cooling of the air to provide 
the latent heat of evaporation of the petrol. 


The thermal efficiency is approximately the 
same for the two fuels. It would be expected that 
the efficiency with gas would be greater than that 
with petrol, since the temperatures reached are 
lower and hence the effect of the increase of specific 
heats with temperature is less marked. On the 
other hand, since the gas burns more slowly than 
petrol, the cycle departs further from the ideal 
constant volume cycle, which postulates instanta- 
neous combustion. Apparently these two effects 
cancel one another. 

The mechanical efficiency of the gas engine 
is less than that of the petrol engine, since the 
“friction horse-power,” or power necessary t¢ 
drive the engine itself, is approximately the same 
for the two fuels, and is, hence, a larger fraction 
of the power of the gas engine. The conclusion 
(Table VII) is that the brake power of the gas 
engine is approximately 59 per cent. of that of 
the petrol engine. Although this result is based 
on experiments with one engine only, there is 
no reason to suppose that it will not be sub- 
stantially true for all engines with a high degree 
of turbulence. 

It should be noted that this analysis has been 


gas operation has, if no alteration has been made 
to the engine, involved a loss of power of more 
than 41 per cent. (It should be borne in mind 
that the transmission losses will remain constant, 
representing a larger proportion of the power on 
gas than of that on petrol, thus further reducing 
the figure of 59 per cent.) If the reduced power 
is not acceptable, there are four possible means 
of increasing it : 
(a) By increasing the calorific value of the 
gas ; 
(6) By increasing the compression ratio, and 
hence the thermal efficiency ; 
(c) By supercharging—that is, increasing the 
volumetric efficiency ; or 
(d) By burning a mixture of petrol and gas 
when maximum power is needed. 


Considering these possibilities in turn, it has 
been shown that enrichment of the gas, which 
might be effected by improvements in the design 
of producers or by burning special fuels, is 
accompanied by a comparatively small increase 
in the mixture calorific value. There seems to 
be little scope for improvement along these lines. 

Some of the lost power may be regained by 
increasing the compression ratio. If the ratio 
is raised to 12: 1 the thermal efficiency becomes 
38 per cent., and there is an accompanying increase 
in the power output from 59 to 72 per cent. of 
the petrol power. There are practical objections 
to an increase of compression ratio even to 12 : 1— 
notably the increased difficulty of starting and 
the liability to ignition troubles—and it is doubtful 
whether the advantage to be gained justifies 
the change, although an engine designed ab 
initio for operation on gas should certainly have 
a higher compression ratio than a normal petrol 
engine, 

It s possible to recover all the lost power 
by supercharging, but the supercharger must be 
of the positive displacement type, giving a reason- 
ably constant boost pressure over a wide range 
of speeds. Disadvantages are the added cost 
and complication of the plant and the noise of 
the supercharger. Further, at the high boost 
pressures (more than 10]b. per square inch) 
required to develop full petrol power, the power 
absorbed in driving the supercharger becomes 





large, and there is a. possibility that the pressures 


and temperatures in the engine, called: upon to 
develop considerably more gross power than when 
running on petrol, may become excessive. It 
is proposed to carry out investigations into these 
matters in this laboratory. 

Perhaps the best method of attaining full power 
is to use a small quantity of petrol when necessary. 
The engine of a petrol vehicle is delivering full 
power for only a small portion of its total running 
time, and, for normal running, the reduced power 
available on gas will be sufficient. When maximum 
power is required for climbing or accelerating, 
it can be arranged that movement of the accelerator 
pedal beyond a certain point admits a petrol 
mixture from the carburettor to the engine, at 
the same time reducing the gas supply. The 
behaviour of an engine running on mixtures 
of gas and petrol is now being studied by a research 
student and the author, and it is hoped that their 
results may be published shortly. 
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The Directory of Shipowners, Shipbuilders, and Marine 
Engineers, 1940. London: The Directory Publishing 
Company, Ltd., 33, Tothill Street, S.W.1. Price 20s. net. 
The arrangement of the thirty-eighth edition of this 
reference book is similar to that of the previous edition, 
all of its contents having been brought up-to-date so far 
as existing circumstances permit. A number of ships 
sunk since the outbreak of hostilities have been deleted 
from the various lists. An addendum gives a list of the 
vessels sunk up to about the middle of January, which 
had not been deleted from the main lists. The usual 
comprehensive indices at the end of the book facilitate 
quick reference. 





The Motor Ship Reference Book, 1940. London: 
Temple Press, Ltd., Bowling Green Lane, E.C.1. Price 
5s. net.—The sixteenth edition of this useful volume for 
all interested in the progress of the motor ship has, in 
spite of war conditions, been extensively revised and 
brought up-to-date by the staff of The Motor Ship. 
Construction during 1939 is reviewed, and a feature of 
the book is the large number of excellently reproduced 
engravings and drawings of the principal types of oil 
engines for propelling and auxiliary service now used in 
motor vessels. In a series of tables particulars of every 
motor ship over 2000 gross tons are given. The modern 
systems of reversing are dealt with and there is a con- 
cluding chapter on centrifugal separators for fuel and 





lubricating oils. 
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Government Training Centres 


No. II 
(Continued from page 394, April 26th) 


Tue LETCHWORTH TRAINING CENTRE 


peice the visit to the Watford Training Centre, 
described in THe Eneotneer of April 26th, 
_ we went to Letchworth and inspected the centre 
established there by the Ministry of Labour in 
1930. This centre is one of the largest in the 
country, and is situated in a disused motor-car 
factory, the extent and lay-out of which made it 
particularly suitable for training p s. As 
in the case of the other centres, the work is at 
present concentrated particularly on the training 
of men for the engineering industry, although 
there are still a few training as gas and hot water 
fitters, bricklayers, plasterers, &c. 

Each man on entering the centre has the usual 
examination to ascertain his knowledge of arith- 
metic, and, where necessary, is given a short 
intensive educational course. The educational 
side of the training occupies from one to three 
hours a week and is arranged in conjunction with 
the preliminary workshop training, so that a 
certain standard is reached by the end of the 
first six weeks a man spends at the centre. Each 
week a report on the progress made by every man 
is examined by the administrative staff, and if 
the standard of his work has deteriorated he is 
interviewed by the manager. This interviewing 
is known in the centre as “‘ Orderly Room,” and 
in it the manager, by dint of questioning and his 
wide personal experience, endeavours to ascertain 
the real cause of the lack of progress made by the 
man. Not infrequently it has a personal reason 
such as financial, health, family, or billetting 
troubles, and it is here that the manager is able, 
in arriving at the real seat of the trouble, to use his 
extensive powers and rectify or ease the situation 
in order to relieve the man’s mind so that he can 
again concentrate on his work. 


Lay-OvuT OF THE CENTRE 


As may be seen from the drawing, Fig. 1, the 
principal shops are laid out at ground level behind 
a two-storey block which faces the road. The first 
floor of the two storeys consists of the various 
offices of the administrative staff, and outside 
these offices, along the shop side, runs a corridor 
through the glass side of which the whole of the 
working area is visible. At one end of the block 
of offices is the training department for draughts- 
men, having the advantage of a glass roof 
which gives excellent natural lighting. A number 
of lecture rooms and the “ Orderly Room ” are 
situated beneath one end of the offices and at the 
other is a large shop in which instrument makers 
are trained. 


INSTRUMENT MAKING AND FITTING 


Instrument makers are first given three weeks’ 
preliminary training in the fitters’ shops, where it 
is determined whether they have a natural gift 
for the standard of precision required in this type 
of work. The class of training given in this shop 
varies with the requirements of industry. As at 
the time of our visit a majority of the men were 
ultimately intended for aircraft instrument work 
the training was being concentrated in this direction. 
For this purpose a representative selection of 
aircraft instruments has been installed in the 
shop, and the trainees spend their time reproducing 
the various parts used and in the assembly, cali- 
bration, and testing of them. Each man begins 
his final test piece of work in his twentieth week of 
training and as was the case of the Watford Centre 
we found the standard-of most of these test pieces 
particularly high. The shop is well equipped with 
small precision machines for instrument making, 
which are arranged in a group at one end as may be 
seen in Fig. 2—page 476. There are about twelve 
trainees under each instructor, and each of the 
men has his own section of bench with a good 
selection of the necessary tools and instruments. 

In the main works building outside the instru- 
ment makers’ department is the fitters’ shop to 
be seen in Fig. 3. In their first few weeks in the 
fitting shop the trainees are sorted out according 
to their capabilities for training with an ultimate 
view to becoming instrument makers, aero-riggers, 
aero-fitters, machine tool fitters, tool fitters, or 
engine fitters. Most of the early, and much of the 
intermediate, training of these different classes 
is naturally closely allied and the men are taught in 





groups, passing from one instructor to another until 
it is time for them to begin instruction in the 
specialised section. The final training of the 
engine and machine tool fitters is carried out in 
one corner of the department, and in it men are 
engaged in the renovation of machine tools for the 
centre’s workshops. Engine fitters spend their 
time in the dismantling and re-erection of petrol 
engines from which they get a good general working 
knowledge of the principles of internal combustion 
engine construction. As in other branches of 
training the practical work is supplemented by 
lectures on the theory of engines and machines. 

At the end of the fitters’ shop is the section in 
which the aero-riggers and fitters are trained, 
the riggers being situated in one side of the central 
gangway and the fitters on the other. The riggers 
work on two machines and have a number of wings, 
spars, floats, &c. which they patch and repair. In 
the course of their training the riggers dismantle, 
re-erect, and true up the machines, and by means of 
full-scale equipment learn the complete hydraulic 





a close eye upon the manner in which a man does 
his work. Not only is the finish of the work and 
its efficiency regarded as important in this class of 
training, but the method with which the job is 
approached and carried out is carefully instilled 
into the men. As a matter of fact, judging from 
the size of the cubicles and their apparent in- 
accessibility, the men have to attain a high 
standard of efficiency to carry out the work and 
pass the final tests laid down at the centre. In the 
erection and reconditioning of these cubicles other 
trades at the centre such as the carpenters, joiners, 
bricklayers, and plasterers—and in the past the 
paperhangers and painters—find good scope to 
supplement their training in a practical manner. 

In a separate shop adjoining the gas and hot 
water fitters, a number of soldiers are being trained 
as fitters according to the standards laid down by 
the Army authorities. A small shop partitioned 
off from one corner of the aero-fitters’ section is 
used for the training of oxy-acetylene welders in 
both high and low pressure welding. 


MacuIne SHOP 


As may be seen from the plan of the centre, the 
machine shop occupies the largest floor area, and 
we understand is the largest such department at 
any of the centres. It contains a majority of the 
machines which were used when the centre was a 
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FIG. ARRANGEMENT OF LETCHWORTH TRAINING CENTRE 


system incorporated in aircraft. This hydraulic 
equipment includes flap control gear, retractable 
undercarriage gear, shock absorber, brakes, &c., 
the methods of operation being explained by means 
of sectioned parts, diagrams, and working models. 
The equipment installed includes that for the 
treatment of duralumin and also for the different 
types of riveting now done on aircraft. In the 
fitters’ section the men have to repair the various 
parts in accordance with the approved repair 
schedules laid down by the manufacturers. An 
officer appointed by the Air Ministry is stationed 
at the centre, and collaborates with the adminis- 
tration in keeping the standard of training in 
line with the latest requirements. 


Gas anp Hot Water Firtine 


Adjoining the aeronautical department at the 
end of the building is a smaller shop in which gas 
and hot water fitters are being trained. Here 
the men do their general work at benches in the 
centre of the floor area and around two sides are 
arranged anumber of two-storey cubicles, each repre- 
senting the ground and first floor of a house. In 
the course of his training, each man has to erect 
in one of these cubicles a complete gas and hot 
water system which complies with all the require- 
ments of an ordinary house. The fact that the 
cubicles are closed on three sides, but open to the 
centre of the shop, enables the instructor to keep 





motor-car works, together with a number of the 
more modern types. The different classes and 
ages of machines acquired in this way enables the 
men to be trained on a widely representative range 
of types. In general, the different classes of 
machines are laid down in long lines along the 
length of the shop. The men begin work on 
the earlier and more elementary types at one end 
of a line, and at regular intervals pass along to the 
later and improved types on which increasingly 
complicated work is done. When the trainees 
enter the machine shop they work for the first 
few weeks on simple drilling machines, and during 
that time are expected to look around and decide 
the class of machining in which they would prefer 
to be trained. If they prove satisfactory upon 
the drills they are rapidly promoted to the selected 
section of machines. If they cannot decide upon 
any particular class of work they are given the 
benefit of the carefully considered opinion of the 
instructor, who bases his view upon their adapta- 
bility and performance in the elementary stages of 
training. Some of the men have a natural aptitude 
for the machines and these are able to get through 
the earlier parts of their training and have sufficient 
time left to go through a short course of precision 
tool room machining. A number of the most up- 
to-date individual drives and hydraulically operated 
machine tools have been grouped in one part of 
the shop and a majority of the men spend a short 
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time upon these before leaving the centre. It 
frequently happens that a works requires from 
the centre a man who has been trained in a special 
branch of machine shop work, and in such cases a 
trainee is selected and given an intensive course on 
the specified machines. The trainees so chosen 
are naturally those who have shown particular 
aptitude for the class of work, and we understand 
that a large number of men have been placed in 
this way. Many of the exercises carried out in 
‘ the shop are for actual use in this and other centres, 
and in some cases as much as fifty per cent. of the 
work is for a finished product. Two such cases in 
point are surface and marking-out tables, and a 
neat little machine vice. The latter, in addition 
to its ultimate use, entails a number of excellent 
machining operations for training purposes. 

At the lower end of the machine shops are two 
smaller shops, one of which is used as a machine tool 
store, and the other as a department in which 
plating and polishing were taught prior to the war. 


ELEctRIC WELDING 


On one side of the machine shop are partitioned 
off two small shops in which electric are welding 
is taught, one shop being used for D.C. and the 
other for A.C. work. In the D.C. training section 
there are four stationary and one portable oil 
engine driven sets, Every man has to prepare 
his own material for welding, and after the weld is 
made it is broken in a testing machine not only 
with the object of demonstrating its strength, but 
to show in an unmistakable manner any defects 
caused by incorrect work and the weakening it 
entails in a finished structure. As part of the 
practical work in this section the men build up 
steel frame supports for the tops of the marking- 
out tables made in the machine shop. These 
supports are built up in jigs and afford excellent 
practice in this class of work. 


Woop-WorkInG, PaInTiInG, &C. 


A large basement below the fitters’ shops contains 
the general stores, boiler house, wood-working 
machine shop, carpenters’ shop, and the painters’ 
shop. With the exception of a group of soldiers 
being trained as carpenters and joiners, these 
shops have now been closed for training purposes, 
but a description of the centre would not be 
complete without a few words about them. The 
wood-working machine shop has not been used for 
some time as there was not sufficient demand for 
men trained in this class of work. It contains a 
number of representative modern machines and 
they are being used at present for the production 
of equipment for this and other centres. In the 
carpenters’ shop the men worked at a series of 
benches running practically the width of the floor. 
At the other side of the floor, along the inner wall 
of the shop, are a number of cubicles, each of which 
is intended to represent a small room. These 
cubicles were used to instruct the men in the various 
aspects of carpenters’ work such as the making and 
fitting of window frames, doors, panelling, flooring, 
&c. The painters and decorators who worked 
at the other end of the shop used these cubicles 
when the carpenters finished with them for the 
practical side of their training in house painting, 
paper hanging, &c. A small portable plant was 
used for the teaching of spray painting, and if 
a man had a natural bent for the work, sign 
writing was also taught. 


SHEET Meta WoRKING 


Adjoining the end of the main building are two 
smaller buildings, the larger of which is divided 
into two separate shops, one for the sheet metal 
workers, and the other for bricklayers ; the second 
building was originally used for the training of 
motor mechanics, but is now used for storage 
purposes as this branch of training has been 
stopped for the time being. 

The larger building was originally an open- 
sided roofed-in structure, and in order to convert 
one section of it for a sheet metal shop the sides 
were bricked in as part of their course by the brick- 
laying trainees. In this shop, as at the Watford 
centre, the sheet metal workers are taught their 
trade, not only from the practical aspect, but also 
in the theory involved in the laying out of forms and 
shapes of all kinds. This shop is spacious and 
well lighted, and its equipment includes a wide 
variety of the plant commonly used in sheet metal 
shops. 


BRICKLAYING 


A few bricklayers are still being trained, and as 
stated above they work in a shop adjoining the 
sheet metal works, which was originally used by 





plasterers. In addition to receiving instruction 
in interior work in this shop the bricklayers carry 
out a majority of their practical work in the 
adjoining grounds. Here they build full-scale 
houses complete in every detail and carry out a 
variety of exercises under typical conditions on a 
number of permanent footings laid down adjacent 
to the motor mechanics’ shop. In order to avoid 
what would be a considerable waste in materials 
all the mortar used in the bricklaying exercises is 
made with the smallest possible proportion of 





cement. By adopting this method, the structures 
are rapidly and easily dismantled at the completion 
of an exercise so that the materials may be used 
again. Training in plastering and tiling used to 
be carried out in close conjunction with that of 
bricklaying. 

At this centre we were again struck by the close 
co-operation between all members of the staff and 
the high standard of work which is expected and 
attained from the trainees by the end of a com- 
paratively short period of tuition. 





Scientific Instruments and Apparatus 


No. IX 
(Continued from page 452, May 17th) 


A. C. Cossor, Lrp. (continued) 


rk cathode ray oscillograph pressure recording 
the Cossor-Dodds condenser type pressure unit 
(designated Model 3361) and shown in Fig. 75 
is capable when used with elements having 
diaphragms of suitable thickness of measuring 
pressures ranging from a few pounds per square 
inch to several thousand pounds. The unit is 
suitable for use with internal combustion and 
other engines, operating at speeds above 150 r.p.m. 
With. its associated amplifiers the device will 
respond to a rate of change of pressure equivalent 
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to 30,000 c.p.s., and the equipment as a whole is 
therefore capable of application to problems involv- 
ing the highest speeds at which reciprocating engines 
are normally capable of operating. For the study of 
detonation in supercharged aero-engines and the 
frequencies of vibration commonly encountered 
in general engineering the frequency range is 
adequate. The unit can be used to study cylinder 
or fuel line pressures on either a linear time base 
or a piston displacement axis. It may also be 
used for the measurement of rate of change of 
pressure and for the delineation of movement, 
velocity and vibration. The illustration, Fig. 75, 
shows the type of capacity pressure element that 
has been standardised and which screws into the 
normal 14 mm. sparking plug thread. 

The construction enables the user to vary the 
sensitivity of the element by adjusting the air 
gap, but care must be taken to avoid bringing the 
two electrodes into contact. The fixed and 
moving plates of the condenser remain plane and 
parallel, irrespective of the pressure to which the 
unit is subjected and the unit therefore operates in a 
linear manner at all pressures up to that at which 
the elastic limit of the diaphragms is exceeded. 
It is claimed that no other element at present 
available possesses this valuable feature. More- 
over, it is said that the unit may be relied upon to 
give an excellent pressure-time diagram free from 
super-imposed mechanical vibration under all 
but the most severe conditions. 

The insulated centre electrode is carried by a 





steel sleeve screwed into the body of the unit and 
is adjusted to leave an air dielectric of only 
one or two thousandths of an inch between 
this electrode and the moving plate, carried 
by two diaphragms having a combined thickness 
suited to the pressure to be measured. Two 
passages are drilled in the body of the unit 
to communicate with the cavity between the 
two diaphragms. Short extension tubes brought 
out from these passages enable a steady flow 
of cooling water to be passed through the 
element. In order that the insulating material 
in the element may remain undamaged it is essential 
to pass an adequate flow of cooling water through 
the unit and the supply must not be cut off until 
the engine has cooled below 70 deg. Cent. 

By forming the diaphragms in the main body 
of the unit, changes in calibration dependent upon 
the extent to which the element is screwed into the 
test plant are avoided. On the few occasions when 
the nature of the experiments renders the 2 cubic 
centimetres additional capacity of the cavity un- 
desirable a suitable plug may be inserted into the 
orifice so that the upper end of the plug clears the 
diaphragm by at least 0-02in. A suitable hole or 
holes should be drilled through the plug before it is 
inserted. The size of any such holes may be 
calculated having regard to the change in volume 
of the remaining cavity under the influence of the 
applied pressure and the anticipated rate of pressure 
rise. 

Adaptors may be used for insertion of the pressure 
unit in holes having a diameter of 18 mm. or more. 
Connection to the unit is made by means of a special 
screened cable, and it should be remembered that 
the overall sensitivity of the cable varies with its 
length so that calibration should be made whenever 
a change in connections occurs. For the fuel line a 
pressure unit designated Model 3041 is supplied. 

As the Cossor-Dodds equipment will not measure 
the constant component of pressure, it is not 
capable of calibration by static means. A valve 
has therefore been developed to allow of accurate 
calibration under actual working conditions. 
The device screws into the cylinder or fuel line 
under test and consists essentially of a non-return 
valve which allows pressure peaks to be com- 
municated to a gauge via a length of expansion 
tubing until the pressure at the gauge is equal to 
the highest pressure reached in the equipment on 
test. By noting the highest pressure recorded on 
the screen of the cathode ray tube during this 
period, the diagram may be scaled for a quantitative 
work. Only the valve is supplied by A. C. Cossor, 
Ltd., and the user may select a gauge and tubing 
suited to his individual conditions of pressure and 
space. 

Whilst for certain purposes, as, for instance, the 
determination of I.H.P., it is desirable to have a 
deflection along the horizontal axis of the diagram 
which is a linear function of piston displacement, 
it is more convenient for general pressure recording 
to have a base which is linear with respect to time 
and is therefore representative of crank angle. 
Such a sweep is provided by Model 3409 amplifier 
and 3408 sweep unit and to be of real utility it is 
essential that the sweep be accurately synchronised 
with the engine. 

To meet this need a contact breaker has been 
developed. Care has been taken in the design 
to combine a robust construction with reliable 
operation and minimum maintenance over long 
periods. Standard ignition components have been 
employed and the device is said to be capable of 
operation at speeds in excess of 6000 r.p.m. 
Provision is made for continuous adjustment of 
the phase angle between the drive shaft and the 
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contact breaker through 360 deg. and a protractor 
and indicator are provided to allow of accurate 
angular calibration of the horizontal axis of the 
diagram. A plain shaft is provided to which the 
user may affix his own coupling and 30ft. of lead is 
supplied so that recording may be carried out at a 
sufficient distance from the engine to ensure freedom 
from excessive noise or vibration. 

The diagram, Fig. 76, relates to a Cossor-Dodds 
amplifier (Model 3352) primarily intended for use 
with the Cossor-Dodds condenser pressure element 
described, and forms an essential part of any 
pressure Or movement measuring equipment. 
The amplifier will operate on any variable 
capacity device for the measurement of displace- 
ment directly or of stress or pressure indirectly. 
In addition to measuring displacement or pressure, 
it can be used to measure “ velocity ’’ or rate of 
change of pressure and incorporates suitable 
switching for that purpose. 

The output of the amplifier is in the neighbour- 
hood of two or three volts, which must be further 
amplified before being applied to the cathode ray 
tube. If a high-vacuum type tube unit such as 
Model 3313 is to be used, a Model 3355 amplifier 
is required to give balance or symmetrical operation. 
If a gas-focused tube be employed such as the 
3345 gas tube unit, a Model 3396 combined 
amplifier and time base, or in certain cases the 
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FIG. 76—CIRCUIT DIAGRAM FOR AMPLIFIER 


Mode] 3371 amplifier, should be used. With all 
these arrangements we cannot however deal. 

The complete equipment under consideration 
has been designed primarily for engine indicating 
work on internal combustion or other engines 
covering a speed range from about 150 r.p.m. up 
to the highest speeds obtainable. The lower limit is 
set by the timeconstant of the couplingsin theampli- 
fier and accurate results cannot be obtained much 
below the speed given. The upper limit is not 
imposed by the oscillograph or associated ampli- 
fiers, the performance of which may be relied 
upon up to frequencies in the neighbourhood of 
20,000 c.p.s. There is therefore adequate margin 
in all engine indicating problems, including 
detonation in supercharged aircraft engines. 

The circuit, Fig. 76, comprises a two-stage valve 
amplifisr preceded by the necessary polarising 
and input circuits to the condenser element. The 
two 120-volt high tension batteries for the anode 
supply of the valves and the polarising potential 
of the pressure element respectively are contained 
in the case. Five different polarising voltages are 
obtainable by means of the gain control. The grid 
circuit consists of two arrangements, the first used 
when measuring pressure or displacement, con- 
sisting of a shunt condenser and a parallel resistance, 
and the second consisting of four alternative 
resistances. The former circuit, the integrator, 
gives either pressure or displacement and the 
latter gives four sensitivity positions for the rate 
of change of pressure or “ velocity.” 

The amplifier comprises a 41 MTL triode followed 
by a Cossor MS/Pen screened Pentrode, both 
inductively compensated, resistance-capacity stages 
of long time constant covering a range from 2 to 
50,000 c.p.s. The filament supply is obtained from 
an external 4-volt accumulator, which should be 
of adequate capacity to avoid slow drifts and 
changes in sensitivity. 

Space does not permit of a full description of the 
Model 3409 driver amplifier with single channel 
balanced output or double channel asymmetric out- 
put for use with single or double beam cathode ray 
tubes. Suffice it to say that the use of high-vacuum 
cathode ray tubes at high anode voltages calls for an 
amplifier capable of a large voltage output balanced 
to ground over a wide frequency range. When full 
advantage is also to be taken of the double beam 
facilities of certain Cossor tubes the necessity arises 
for a pair of independent amplifiers each providing 
an asymmetric output. Both these requirements 





are met by the Model 3409 amplifier, designed more 
particularly for the Cossor Model 3402 tube unit 
indicated in Fig 77, in which the double beam 
feature is obtained by the device of splitting the 
focused beam by means of an electrode within 
the Y plate deflector zone. The apparatus shown 
in Fig. 77 is a complete rack- mounted electronic 
pressure indicating equipment. 

Wireless engineers should be interested in the 
Cossor ganging oscillator shown in Fig. 78, which 
has been designed for the visual alignment of radio 





obtained without the laborious point-to-point 
determination ; (6) the effects of any adjustments 
to the circuits are instantly shown and obscure 
effects and faults are readily perceived ; (c) because 
the cathode ray oscillograph can be applied to the 
HF and detector circuits without upsetting their 
adjustment, the low-frequency portion of the 
radio set is not required during alignment, thus 
excluding any errors due to LF amplitude non- 
linearity ; (d) the pattern obtained on the oscillo- 
graph can be either an envelope of the amplified 

















FIG. 77—ELECTRONIC INDICATING EQUIPMENT—COSSOR 


receivers and is claimed to be indispensable for all 
modern superheterodynes using band pass circuits. 
It is a frequency modulated HF signal generator, 
an instrument of the beat frequency type pro- 
vided with plus or minus 15 ke.p.s. Wobbulation 
and a directly calibrated scale. The range is 
20 Mc.p.s-60 ke.p.s. With the qualities of the 
cathode ray oscillograph as an inertialess indicator 
with a two-dimensional recording field, the 





FIG. 77—GANGING OSCILLATOR—COSSOR 


distinctive features of this frequency modulated 
oscillator have been combined to provide statically 
over the instrument’s frequency range, the overall 
response curve of tuned circuits on a constant 
frequency base of plus or minus 15 ke.p.s. When 
using the Cossor double beam oscillograph (Model 
3339) which permits of a simultaneous indication 
of two independent circuits, the scope of the 
instrument is widened considerably. The advan- 
tages of the visual method are (a) The complete 
pre-detector response curve of the receiver is 





HF or a single trace after detection ; (e) the curve 
obtained automatically provides complete data of 
the receiver's performance sensitivity, fidelity and 
selectivity, the last-named on a linear scale to at 
least 10 db. down; (f) when using the wide band 
amplifier of the oscillograph (Model 3339) on a stage- 
by-stage functional test, the signal can be followed 
through the receiver as a means of tracing localised 
or intermittent faults. 

The frequency of a 380 kc. fixed oscillator is 
varied by connecting across its tuned circuit a 
variable-mu Miller valve amplifier, the output 
capacity of which is made to vary with gain due 
to the change in bias produced by the recurrent 
saw-tooth voltage of the oscillograph time base. 
The design provides for linear variation of fre- 
quency with the applied bias, thus converting the 
time base traverse into a linear frequency scale of 
constant width. A low rate of frequency modu- 
lation is used to avoid spurious effects on low 
decrement circuits. The system is thus stable, 
entirely electrical, inherently synchronous and 
completely overcomes the difficulties occasioned by 
moving parts in the usual mechanical arrangements. 

The use of the beat frequency oscillator principle 
is essential to ensure that frequency modulation is 
maintained constant over the frequency range of the 
instrument. If a straight oscillator be used the 
frequency base will vary with tuning. After 
passing through a tuned filter to exclude harmonics, 
the output of the 380 ke. frequency-modulated 
oscillator is applied to the modulator grid of the 
triode-hexode mixer valve. The triode section of 
this valve functions as a variable oscillator con- 
trolled by one section of a two-gang condenser 
operated by the main control. The beat frequency 
resulting from the mixing of the fixed and variable 
oscillators in the anode circuit of the mixer valve 
provides the output signal of the instrument. 
By the remaining section of the ganged condensers 
the circuit is tuned to exclude or reduce in ampli- 
tude the lower or unwanted beat frequency and is 
designed to give a flat response for constant 
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amplitude output over the frequency modulation 
range. 

Having been designed primarily for visual work 
the instrument has certain advantages: (a) Be- 
cause a constant HF output is alone required, the 
exact voltage is unimportant ; (5) as the output is 
not varied during the test, the attenuator need 
not be calibrated; (c) for ganging the lowest 
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FIG. 77—-RACK AND PANEL MOUNTED OSCILLOGRAPH 
AND OSCILLATOR 


possible voltage is used and the instrument is of 
the low power type which simplifies screening, 
increases frequency stability and reduces leakage. 

The attenuator has a three-position switch giving 
1/1, 1/10 and 1/100 of the output plus a linear 
Vernier control graded in 1/10ths. The standard 
400 c.p.s., 30 per cent. amplitude modulation is 
obtained by converting the Miller valve into an 
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audio oscillator. Provisions are made for external 
modulation with a gramophone pick-up or LF 
oscillator for audio tests. The instrument is 
fitted with a dial directly calibrated in megacycles 
and having five scales corresponding to the five 
positions of the range switch, plus a 180 degree 
scale. The accuracy of the instrument is within 
the R.M.A. standard specification of plus or minus 
1 per cent. For audio tests the 400 c.p.s. note can 
be made available at the output terminals. Pre- 
set adjustments allow of valve replacements with- 
out upsetting calibration. 

Finally we come to the Cossor rack and panels 
shown in Fig. 79. The rack and panel mounting 





of apparatus is now well established practice in 
telegraph, telephone and radio engineering, for it 
offers important advantages such as the vertical 
disposition of the instruments with consequent 
saving in space and the standardisation of 
dimensions and parts, thus affording convenient 
interchangeability. The instruments are _per- 
manently fixed and the risk of damage caused by 
excessive moving about is avoided, whilst they can 
be permanently connected up ready for use. Two 
or more racks can be mounted together, so that an 
expanding radio service bench is secured and 
any additional instrument can be accommodated, 
provided it is suitable for rack mounting. 





Drivinc CONTROLS 


HE main improvements in the driving controls of 
the new cars are directed towards simplification, 
easier operation and increased protection against their 
misuse. Whereas in former cars the preselector 
lever, reverse lever and gear-operating pedal occupied 
widely separated positions in the driving cab, it is now 
possible, by the use of electro-pneumatic operation, to 
group these controls together in one box. The con- 
struction of this controi box is shown in the sectional 
drawing, Fig. 7, and in Fig 9 is reproduced a photo- 
graph of the controls with their casings removed, 
their functions being indicated by the legend below 
the engraving. As each lever in the control box is 
connected only to a series of electrical contacts, the 
physical effort required for its movement is almost 
negligible. Indicators and other equipment not 
shown in the view reproduced in Fig. 9 but mounted 
in the cab include a sanding magnet valve, the 
G.W.R. standard automatic train control apparatus, 
motor compressors for standby horns, and oil pressure 
indicator lamps for both engines of car and trailer. 
There is also an air pressure switch which indi- 
cates by means of a lamp in the trailing car 
and the corresponding indicator lamp which 
shows that the pressure switch on the trailer 
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car is operated at a predetermined minimum 
pressure. 

Safeguards made possible by the use of electro- 
magnetic controls ensure that the railcar cannot be 
moved without first unlocking the controls, and that 
all the driving operations are performed in correct 
sequence. Furthermore, another locking device 
makes it impossible for the driver to engage reverse 
gear before the gear-operating mechanism is dis- 
engaged. This interlock ensures that the forward 
and reverse lever is not inadvertently used in mistake 
for the gear-operating lever. Nor can the driver, 
when leaving the car or changing from the front 
to the rear driving cab, withdraw the master key 
until the preselector handle and the reverse lever 
have been placed in neutral, and the gear-operating 
lever moved to engage neutral. 

In cars previously designed by the company, the 
moment for changing gear was, to some extent, left to 
the driver’s judgment, although guidance was pro- 
vided by a small speedometer and a list of speeds at 
which it was recommended changes should be made. 
The new system is more positive, and has, as a main 
feature, a large, centrally placed speed indicator. In 
all gears up to top, when it becomes a speed indicator 
in the true sense of the term, this indicator acts as 
a revolution counter and is provided with clear and 
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FIG. 7SECTION THROUGH CONTROL BOX 
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easily read instructions as to when gear changes should 
be made, both in an upward and downward direction. 
Two of the main advantages claimed for this arrange- 
ment are that excessive engine speeds on the indirect 
ratios are avoided, and that maximum power can be 
obtained at all speeds and under all conditions. Each 
engine is provided with an indicating needle on the 
instrument, and the pointers therefore give a constant 
indication of the behaviour of each of the engines, and, 
when the car is at rest, show whether they are running 
or stopped. 

It is claimed that one of the greatest improvements 
made in the driving controls of the new cars, several 
of which will include shunting amongst their normal 
duties, is the provision at each side of the cab of 
‘shunting ” levers which can be conveniently operated 
by the driver while leaning out of the cab windows. 
The arrangement of these levers is shown in the 
drawing, Fig. 7, and in the photograph reproduced in 
Fig. 9. A progressive upward movement of either 
handle performs the operations of engaging a gear, 
already preselected, and of opening the throttle. 
Similarly, a downward movement closes the throttle, 
selects neutral gear, operates the gear-operating lever 
to engage neutral, and applies the vacuum brake. It 
will be noted that a single lever serves for all these 
functions. In previous railcars hand levers coupled to 


eames 


A—Gear-operating lever. 

B—Forward and reverse lever. 

C—High and low gear ratio lever (dual- 
range cars only). 

D—Left-hand shunting lever (right-hand 
lever not visible). 

E—Gear preselecting lever. 

F—Accelerator 

G—Vacuum brake valve. 


FIG. CONTROL BOX WITH CASING 


the accelerator pedal were used, but they were not so 
conveniently arranged for a driver leaning from 
the cab, nor were they capable, in a single upward 
or downward movement, of completely controlling the 
car. 


OPERATION OF THE CONTROL SYSTEM 


Since, in a multi-engine railear, the engine and 
transmission units must be controlled simultaneously, 
and, furthermore, when two or more such cars are run 
together, the number of driving units to be controlled 
synchronously is, of course, increased, a system which 
provides absolute synchronisation is necessary. 
Electro-magnetically operated pneumatic means, 
whereby the movement of control-gears and shafts is 
effected by cylinders and pistons using compressed air, 
and the admission or release of this air is by valves 
electro-magnetically operated, provides, perhaps, the 
only solution. 

In the present design compressed air is supplied by 
two rotary compressors on each car, one mounted on 
each engine, so that if it should become necessary 
to shut down one engine the supply of air is not lost 
completely. The air is stored at 80 lb. per square inch 
in two reservoirs, one of which contains a diverter 
consisting of a small inner reservoir which must 
be filled to full pressure before it, in turn, can feed 
the main reservoirs. In this way, a limited amount 
of air at full pressure is quickly available for initial 
movements of the car soon after the engines are 
started. 

The chief control operations, all effected electro- 
pneumatically, are as follows :—(1) Engine throttle 
regulation ; (2) gear preselection; (3) gear engage- 
ment, by operation of the busbar in the epicyclic gear- 











box; (4) forward and reverse gear engagement ; 
and (5) auxiliary gear-box operation on cars fitted 
with dual-range gear-boxes. Air is supplied from the 
reservoirs to a bank of magnet valves (Fig. 6 ante), 
each of which controls a separate operation, and 
from each valve air is delivered to the necessary 
pair of cylinders. These cylinders, of course, are 
situated at varying distances apart, and mounted 
on the units which they control. They therefore 
require air lines for their operation, which, in the case 
of the reverse gear cylinders, are each about 22ft. from 
the valve bank. Nevertheless, the arrangement 
enables much piping that would otherwise be necessary 
to be dispensed with, for the driver’s control tables, 
at the extreme ends of the car, are about 60ft. apart 
and require no air connections, for the valves are 
electrically controlled. 

Both for throttle operation and gear preselection 
an air motor of ingenious design is used. The 
construction of the preselector motor is made clear in 
Fig. 10. It consists of three co-axial cylinders, and 
is bolted to the side of the gear-box. Air can be 
admitted independently to the cylinders or in com- 
bination, and the motor is therefore capable of selecting, 
in the type illustrated, five different gear positions 
under the control of only three magnet valves. An 
interesting point is that, should more positions be 
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the force exerted by calibrated springs, and therefore 
each movement is precisely the same, provided 
the necessary minimum air pressure is available. 

For operating the epicyclic gear-box busbar, which 
actually engages any preselected gear, a single-acting 
air-cylinder is used and is bolted to a facing on the 
auxiliary casing. 

In the drawing, Fig. 8, is shown the arrangement 
of the driving axle-box on the inner axle of each bogie. 
This drawing makes clear the operation of the forward 
and reverse gears. A crown wheel is bolted to a 
flange on the axle itself and meshes with two pinions 
carried freely in the casing on opposite sides of the 
crown wheel. The inner pinion, that is, that nearer 
the gear-box, on the left-hand side in the drawing, is 
hollow and the driving shaft passes through it and is 
spigotted into the outer pinion. It is splined at its 
centre and carries two dogs which, by sliding, engage 
with one or other of the pinions, thus causing a 
reversal of the drive. Movement of these dogs is 
obtained pneumatically by means of two cylinders and 
pistons at opposite ends of the box. A common rod 
joins the two pistons and has on it a fork engaging 
with the dogs. By admitting air to one cylinder and 
releasing it from the other, the dogs are shifted to 
engage forward or reverse gear. 

It will be noticed that the banjo pins of the air 
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FIG. 


H—Hand brake wheel. 

J—Engine starter buttons for car. 
K—Engine starter buttons for trailer. 
L—Engine stop button. 

M—Sanding button. 

N—Horn switch lever. 

P—Vacuum gauge (not visible). 
Q—Air pressure gauge. 


required, a slight modifica- 
tion would enable seven 
positions to be obtained, 
using combinations of the 
three magnet valves. As 
shown in the drawing, the 
pistons butt against one 
another. The outer one is 
held up against the cylinder cover by a return spring. 
An extension of the inner piston has grooves of tooth 
form which engage with teeth on a quadrant fixed to 
the gear-box preselector shaft, so that when the 
piston moves the shaft is turned. The grooved pistons 
and quadrant are used in order to ensure equal 
angular movement of the shaft for each piston move- 
ment. The travel of the two outer pistons is limited 
by annular stops, while that of the inner one is con- 
trolled by jaws formed integrally on it and on the 
middle piston. 

Now, if air be admitted to, say, the outer cylinder, 
that piston moves forward its full travel, at the same 
time forcing the other pistons forward and so causing 
rotation of the preselector shaft. The piston travels 
are in the proportion of one, two and three, giving three 
equal increments, according to which cylinder is used. 
Two further increments are obtained by admitting air 
to either of the’ outer cylinders at the same time as 
air is retained between the centre and inner pistons. 
These five positions are clearly indicated in Fig. 10, 
where the shaded sections represent compressed air in 
the various cylinders. It will also be noted that had 
jaws been provided between the outer and centre 
pistons, as well as the jaws referred to in the previous 
paragraph, seven positions, instead of five, could have 
been obtained, still with the use of only three magnet 
valves. 

The throttle motor is similar to that used for gear 
preselection, except that the throttle cross-shaft lever 
is connected to the inner piston of the assembly by a 
link, and the grooved portion and quadrant are 
eliminated. 

A great advantage of such a system is that correct 
operation is independent of the exact air pressure, or 
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connections form stops to limit the movement of 
the reverse gear pistons. If it should become 
necessary to disconnect one of the transmission lines 
and run with one side of the car “ dead,” these pins 
are removed and replaced by longer dummy ones, 
which, when screwed in, bring the dogs into the mid or 
neutral position and lock them there. 

Some of the new vehicles, as already mentioned, are 
fitted with dual-range auxiliary gear-boxes (Fig 3, 
ante) which provide alternative ratios suitable for 
working the car alone or with a trailer. These gear- 
boxes are of constant-mesh type, the gears being 
engaged by dogs in the same way as that for the 
reverse gear. The pneumatic operating cylinders are, 
in this case, cast on the inside of the gear-box side 
cover. 

Compressed air is: also used for the horns and for 
sanding. For the sanding gear an air ejector is 
fitted at the bottom of each sandbox and blows the 
sand on to the rail just ahead of the wheel. Air 
for these two purposes is supplied by a pipe running 
up to each end of the car, from which a connection is 
taken for the pressure gauge. 

The Associated Equipment Company is responsible 
for the design of the cars, the manufacture of the 
engines and the mechanical parts, and supplying and 
fitting the power and transmission units, but the 
construction of the bogies, underframes, bodies and 
the fitting of automatic train control apparatus is 
being carried out in the Great Western Railway’s works 
at Swindon. 





Gotp AND SILVER FROM ANTIMONIAL-GOLD ORES.— 
A method for the separation of gold and silver from anti- 
monial-gold ores and concentrates has been devised by 
the United States Bureau of Mines. The method involves 
the smelting of the raw concentrates by reduction with 
iron to produce a high-antimony bullion containing the 
gold and silver. This bullion is cast into anodes and 
electrolytically refined, the antimony being recovered on 
the cathode and the precious metals in the anode slimes. 
The electrolysis is carried on in a sulphuric acid fluoride 
solution. 
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Rail and Road 


THe Instirute or TrRansport.—Mr. Theodore E. 
Thomas, the General Manager (Operation), London 
Passenger Transport Board, has been invited by the 
Council and has consented to continue in the office of 
President of the Institute for the year commencing on 
October Ist, 1940. Other officers elected for the year are :— 
Vice-Presidents: Sir Charles H. Bressey, Mr. Ashton 
Davies, Mr. R. Kelso, Mr. H. H. Mauldin, Mr. E. J. 
Missenden and Mr. R. Stuart Pilcher ; Honorary Treasurer : 
Sir Henry Maybury- and Honorary Librarian: Mr. R. 
Bell. 





CaLor GAs FoR Motor-Car Furt.—tThe results of a test 
with a car using Calor gas as a fuel are given in a recent 
issue of The Autocar, The car used was an Austin Ten 
saloon converted for the use of Calor gas by Carburettors, 
Ltd. and comparative tests were made using first petrol 
and then the gas. It is stated that there could be no 
complaint of any practical falling off in the performance 
with regard to acceleration, cruising speed, or hill climbing 
power with the gas fuel and there was a noticeable absence 
of pinking in the engine which’was present when petrol was 
used. 


NraGARA Farts Bripvee.—The Minister of Highways 
for Ontario has announced that the construction of the 
Rainbow Bridge at Niagara Falls will begin immediately 
and will be completed by August, 1941. Although high- 
way construction will be curtailed this year under wartime 
limitations, work on the bridge will be rushed to com- 
pletion. President Roosevelt has signed authority for 
the bridge erection and a $3,500,000 bond issue has been 
placed. Tenders for the approaches and the main steel 
arch are to be shortly let and work on approaches will 
begin at once. The bridge is to be built 500ft. north of 
the site of the former international railway bridge. 


B.E.F. Rottimsa Stock Conrracts.—In the Midlands 
on May 2\st the Ministry of Supply afforded an oppor- 
tunity for the inspection of some of the work which is 
being done for the provision of t rt equipment for 
France. In order to supply the British Expeditionary 
Force orders to the total value of nearly £10,000,000 for 
locomotives, rolling stock and permanent way equipment 
have been placed. At one works visited, a representative 
of the Ministry of Supply, in the presence of Monsieur 
Leguille, of the French National Railways, formally took 
delivery of a train of French type, 20-ton covered goods 
wagons, the first of several thousands ordered for use in 
France. These wagons are wider than those in use in this 
country and for their journey to the port of embarkation it is 
necessary to take off the doors, foot steps and part of the 
brake gear. The itude of this order for rollipg stock 
is shown by the fact that it will require over 130,000 tons of 
steel. 


L.M.S. ApporntmENnTs.—The following appointments 
have been approved by the Directors of the London, 
Midland and Scottish Railway Company: Mr. 8. T. 
Clayton, District Locomotive Superintendent, Bank Hall, 
to be District Locomotive Superintendent, Rugby ; 
Mr. A. H. Madden, Assistant; Office of Divisional Super- 
intendent of Operation, Crewe, to be District Locomotive 
Superintendent, Bank Hall; Mr. J. E. Wood, District 
Locomotive Superintendent, Plaistow, to be District 
Locomotive Superintendent, Nottingham; Mr. T. F. 
Mitchell, Assistant, Office of Superintendent of Motive 
Power, Watford, to be District Locomotive Superintendent, 
Plaistow ; Mr. J. Gibson, District Locomotive Superin- 
tendent, Perth, to be District Locomotive Superintendent, 
Corkerhill ; Mr. G. Phillips, District Locomotive Foreman, 
Ayr, to be District Locomotive Superintendent, Perth ; 
Mr. E. Glendinning, Locomotive Foreman, St. Rollox, to 
be District Locomotive Superintendent, St. Rollox. 


Tue Moror-Cak or THE FutrurE.—A former President 
of the American Society of Automobile Engineers, Mr. 
W. B. Stout, in an article in the Compressed Air Magazine, 
predicts a number of changes to come in automobile 
design. He says that the motor-car of the near future 
will have its engine in the rear, thereby putting the 
weight where it is needed to give greater stability, easier 
riding, and better . The engine will be air- 
cooled and much lighter than at present. Wheel bases 
will be lengthened, but the over-all length of cars will be 
less. Methods of springing will be altered, and the air- 
cushion principle will perhaps be adopted. Running 
boards and mudguards will be done away with, making 
possible greater widths and added nger room, A 
strong, wide bumper will run completely around the car, 
giving increased protection against impact. Ventilation 
and heating systems will be improved, and heat-absorbing 
metal will be eliminated from tops and other parts that 
transfer the heat of the summer sun to the occupants. 
The resultant automobile will be almost noiseless, will have 
a top speed of 70 m.p.h. to 80 m.p.h., and will travel 30 
to 40 miles on a gallon of petrol. 


Steam Versus Om Encinep Locomotives.—A note in 
the Oil Engine quotes a recent lecture by an American 
railway official in which the steady replacement of steam 
by oil engined locomotives in the United States was 
emphasised. It was pointed out that since the first oil 
engined locomotive was built at the new La Grange plant, 
“not a solitary steam switching locomotive of 600 H.P. 
or more has been built in the United States.” Oil- 
engined trains in American now regularly cover rails 
totalling more than 25,000,000 miles a year, all at approxi- 
mately 60 m.p.h., and the records of the performance of 
the oil-engined locomotives reveal some interesting facts. 
One is that if an oil engine driven and a steam train have 
equal maximum speeds, the oil engine driven unit makes 
the faster time because it loses no time in starting and in 
accelerating after slowing down for curves and other 
speed restrictions, and, moreover, it does not stop so often 
for fuel or for locomotive changes. “As an indication of 
reliability, one of the trans-continental trains was operated 
a full year between Chicago and Los Angeles on a 39-hour 
schedule and was late only twice because of locomotive 
trouble. It is finally pointed out that the world’s ten 
fastest regularly scheduled long-distance passenger records 
are held by oil engined locomotives. 





Miscellanea 





STanDARD Factory Construction.—The first war- 
time Building Bulletin issued by the Department of 
Scientific and Industrial Research gives designs of standard 
factories which give considerable economies in steel. The 
designs cover a range of bays of different sizes from which 
factories of almost any size can be built. 

Wortp GoLp OvurruTr.—sStatistics compiled in South 
Africa show that the world output of gold during 1939 
reached the record figure of 39,150,000 fine ounces. Of 
this total, 22,370,000 ounces were produced in the British 
Empire. South African output totalled 12,820,000, 
Australian 1,630,000 and Canadian 5,046,000 fine ounces. 


British Ou, BuRNER MANUFACTURERS ASSOCIATION, 
Lrp.—At the sixth annual general meeting of the British 
Oil Burner Manufacturers Association all the officers were 
re-elected as follows: President, Mr. W. A. Hubbard ; 
Vice Presidents, Mr. O. Meilke and Mr. R. Sutton. 
Members of the Council: Mr. A. B. 8S. Laidlaw, Mr. A. G. 
Dobbs and Mr. R. L. Cox. 

DEATH OF THE CHIEF Roy At ENGINEER.—On Thursday, 
May I6th, the death took place at his home in Cadogan 
Square, 8.W., of General Sir Bindon Blood, G.C.B., 
G.C.V.O., who was Chief Royal Engineer of the Corps of 
Royal Engineers. He was in his ninety-eighth year and 
only retired from office as Chief Royal Engineer three 
weeks ago. He served in India for thirty-two years, and 
saw active service in no less than eight campaigns. In 1933 
he published an interesting record of his active career in the 
Royal Engineers entitled ‘‘ Four Score Years and Ten.” 

Caste Drums anp TimBeR Controu.—The Electricity 
Commissioners have been informed by the Timber Control 
Department of the Ministry of Supply that some Electricity 
Undertakers are not complying with requests to return 
empty cable drums as quickly as possible to the makers. 
The Commissioners desire to impress on Undertakers 
the importance of the drums being returned immediately 
they are available and with a view to facilitating this the 
Commissioners suggest that wherever possible two or more 
short lengths of cable on different drums might bestored ona 
single drum, thus releasing empty cable drums for return. 


A New Metuop or Payine Discounts.—We have 
received from the National Savings Committee particulars 
of a method of paying discount, for prompt settlement 
of trade accounts, which has been adopted by the Print 
Sales Company, Ltd. Each of the firm’s many small 
clients is provided with one of the free National Savings 
books and each time discount is due, National Savings 
Stamps to the value are sent for insertion in the book. 
The amount of discount paid by this firm totals some 
hundreds of pounds a year, and it is suggested that, if 
many larger firms took up such a scheme, it would be a 
tremendous help to the Savings Movement, without 
making any considerable financial difference to the 
customer who receives a regular small cash discount. 


Errect oF ActD MINE WATERS ON CEMENTS.—Tests 
on the effect of acid mine waters on various cements 
have been made by the United States Bureau of Mines, 
and the results of these tests are presented in a report. 
Although, due to certain limitations, the tests were not 
comprehensive, they indicate that up to a certain point 
the use of acid mine water for mixing gives greater tensile 
strength to some cements than does the use of water of 
the quality recommended by most cement manufacturers. 
Marked differences were shown in this respect by six different 
types of cement. Neat cement slabs prepared by mixing 
the six types of cements with acid mine water (as well as 
one other special acid-proof cement) showed marked 
differences in the apparent acid resistance after immersion 
for about 17 months in high-acid mine water. 


Guass-InsuLATED ELEecTric Wire.—Under the trade 
name ‘“‘ Sewcoglass ” the London Electric Wire Company 
and Smiths, Ltd., have placed on the market glass-insulated 
electric conductors. The glass fibre employed is capable 
of operating at temperatures at which cotton, silk, enamel 
and similar materials would be rapidly destroyed. This 
insulation is flexible and is resistant to most acids, oils and 
moisture, and the dielectric strength is about that of dry 
cotton. In manufacture the glass fibre is drawn out from 
marbles of special alkali-free glass to a diameter of about 
0-00025in. These fibres are then made up into a continu- 
ous yarn, which is applied to the wire in a similar manner 
to cotton and silk. The covering is then given a special 
bonding treatment which increases its mechanical strength 
considerably, prevents displacement or unravelling, and 
improves its resistance to moisture. 

Tue Coat Resources or THE U.S.S.R.—The mineral 
resources of the U.S.S.R. were recently dealt with in an 
address by Dr. G. W. Tyrrell, Lecturer in Geology at the 
Glasgow University. He described a new coal basin in 
Western Siberia which was about the size of Great Britain. 
This basin, he said, contained more than eighty seams of 
coal, with a collective thickness of fully 500ft., which 
was being worked in over 43 mines, and the annual 
production was now 17 million tons. The amount of coal 
present in that huge basin was estimated at 450 million 
tons. Of the estimated total, about 51 million tons were 
of first-rate quality, but even that relatively small quantity 
was sufficient to last the country at the present rate of 
consumption for 3,000 years. He estimated that the total 
coal resources of the Soviet were 1,500,000 million tons, or 
21 per cent. of the coal in the world. 

AMERICAN INSTITUTIONS AND APPOINTMENTS.—More 
than 20,000 regular positions in civil, mining, mechanical, 
electrical, and chemical engineering have been filled by 
the, Engineering Societies Employment Service since its 
establishment in 1923 as a non-profit and co-operative 
enterprise of the Four Founder Societies says Mechanical 
Engineering. In a recent survey of the members of these 
engineering societies it was found that about one third of 
the membership has been assisted by the Service, either 
in securing positions or in filling them. Up to the end 
of 1939, the three offices of the Service, which are located 
in New York, Chicago and San Francisco, had registered 
52,529 engineers for employment, received 42,523 positions 
for listing, and made 19,505 placements. These statistics 
do not include the placing of over 10,000 engineers on 
WPA and other governmental relief agencies during the 
years 1932 to 1939. 





Air and Water 


New Panama Canat Locxs.—The United States 
Senate has voted a sum of fifteen million dollars to start 
construction of the third set of locksat Panama. Authority 
was also granted for the placing of contracts to a value of 
99 million dollars in connection with the project. 





Union CastLe Fireer REPLACEMENT AccouNT.— 
annual accounts of the Union Castle Mail Steamship 
Company show that a sum of £100,000 has been allocated 
to the creation of a fleet replacement account towards 
providing for new tonnage that will be required in the 
ordinary course of events. 

Dutcu S#HrIpowNERS’ CoMMITTEE.—The Netherland 
Minister has appointed a committee of Netherland ship- 
owners who happened to be in London when Germany 
invaded Holland. They are Messrs. D. Hudig, S. M. D. 
Valstar, C. C. Gischler and P. Dijkstra, who will act as 
secretary. The committee has an office at Baltic House, 
27, Leadenhall Street, E.C.3. 

New R.A.F. FicuTer 1n Action.—The first encounter 
by an enemy machine with a Boulton-Paul “ Defiant,” 
this country’s latest fighter aircraft, lasted only five 
minutes. A German Ju. 88 was sighted out at sea 
trying to bomb three British ships and within five minutes 
the “ Defiant’ had engaged and destroyed it. The 
“* Defiant,” which is the first fighter to be equipped with a 
power-controlled gun turret, was illustrated and briefly 
described in our issue of January 5th last. 


Arrcrart PropucTion Sprep Up.—A new training 
scheme for recruits to the aircraft industry has been 
introduced by Saunders-Roe, Ltd. This company recently 
built a complete school for instructing unskilled workers in 
operations not requiring expert craftsmanship. Many of 
the new workers are men over the military age and the 
first batch has finished the six weeks’ course and is 
already at work on the new “Saro-Lerwick” flying- 
boats now going into service with the Coastal Command. 


DistTincuisHine CoLouR FOR DISABLED AIRCRAFT AT 
Sea.—To facilitate the search for crews of R.A.F. aircraft 
who may be forced down into the sea as a result of engine 
failure or enemy action, the inflatable dinghies carried by 
all service aircraft operating over water have been painted 
bright yellow. Bright yellow skull caps, which can 
quickly be donned by the dinghies’ occupants, are also to 
be supplied to flying crews, and experiments are being 
made with a chemical substance which will generate a large 
yellow patch on the sea around the dinghy to guide search- 
ing aircraft. 

THe New HErnxet Ficurer.—lIt is thought that the 
new Heinkel fighter mentioned in German broadcasts is 
the He. 112, a single seater machine of comparatively old 
design at first rejected for mass production in favour of 
the Me. 109. In its earlier form this machine had a single 
Junkers “‘ Jumo ” engine of about 700 H.P., but the newer 
machines are probably fitted with the new DB. 601A 
engines which are claimed to have an output of about 
1100 H.P. Although rather smaller than most single 
seater fighters, the He. 112 is reputed to be armed with 
two shell guns and two machine-guns. 


A New Muurary Fryine-Boat.—The new “ Saro- 
Lerwick ” flying-boats now being placed in service with 
the Coastal Command are two-engined, high wing 
monoplane, all-metal machines, designed for long-range 
reconnaissance duties. Like the “Sunderland,” the 
new machines are powerfully armed for defence. They 
have a wing span of nearly 8lft. and a length of 63ft., 
a crew of six being normally carried. The speed and other 
performance have not yet been released, but it 
may be taken that the two 1400 H.P. Bristol “‘ Hercules ” 
engines make the “ Lerwick ”’ one of the fastest types of 
machines in their class. 

Cuapwick Prize anp Gotp Mepau.—The Chadwick 
Trustees, under the terms of the scheme of the trust, 
are authorised to present once in every five years the 
sum of £100 and a Gold Medal called the Chadwick Navy, 
Army or Air Force Prize to such officer of the Navy, Army 
or Air Force Medical Service as shall during the preceding 
five years have specially assisted in promoting the health 
of the men in the Navy, Army or Air Force. This year 
the prize will fall to the Air Force Medical Service and 
the Trustees have approved of the nomination, by the 
Director-General of Medical Services, Royal Air Force, 
of Wing-Commander Philip Clermont Livingston to receive 
the prize. 

Suippinc Losses.—During the week ended Sunday, 
May 5th, only one British merchant ship of about 6000 tons 
was lost as a result of enemy action, whilst the German 
losses totalled 31 ships of 171,049 tons. These German 
losses included 26 ships seized by the Dutch in the Dutch 
East Indies. The total German mercantile tonnage known 
to have been captured or sunk now amounts to approxi- 
mately 625,000 gross tons. A further 165,000 gross tons 
may be added for ships sunk by Allied action but whose 
names and exact tonnage it has not been possible to 
ascertain so far: This brings the total German Mercantile 
losses up to approximately 790,000 gross tons, representing 
about 19 per cent. of the German pre-war tonnage. These 
losses now nearly equal the British and Allied losses, 
which up to end of last week totalled about 827,000 gross 
tons. 

New Brrrish BomsBer 1x Action.—A new type of 
Royal Air Force bomber has gone into service against the 
enemy—the Bristol “‘ Beaufort ”’ illustrated in our issue of 
January 5th. This is a mid- -wing metal monoplane 
fitted with two Bristol “ Taurus” sleeve-valve engines. 
The wing span is about 58ft. and the length 44ft. It is 
used for bombing, reconnaissance, torpedo-dropping and 
general purpose duties. It carries a torpedo or a bomb 
load, and is defensively armed with one mid-fuselage 
turret. Although the “ Beaufort ” was designed by the 
Bristol Company immediately after the * * Blenheim ” it 
is not a mere development of the “ Blenheim ’—which 
itself has been used extensively in attacks on enemy 
cruisers. The new machine is considerably faster and, 
having been designed especially for its particular work, 
is the finest machine of its type in the world. The 
‘ Beaufort ”’ is now in quantity production for the R.A.F. 
at home, and is also being built for the Royal Air Force in 
Australia. 
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THE CONTROL OF MATERIALS FOR THE 
MANUFACTURE OF STOCK MACHINES 


THE control of materials is always an awkward 
affair. It looks simple enough to the outsider who 
only sees the broad aspect and knows nothing of 
the hundred and one complexities which in fact 
exist. Even the expert is not proof against 
mistakes. In spite of his best endeavours to 
provide for all contingencies, experience sooner 
of later reveals, almost invariably, that something 
has been overlooked, or, if it has not been overlooked, 
that owing to something which has occurred later 
the provisions which he has made have become 
incomplete. 

An instructive example is at the moment 
exercising the patience alike of the Ministry of 
Supply and certain branches of the engineering 
industries. Readers of THe ENGINEER are very 
well aware that many classes of the smaller kinds 
of machinery are made to stock. The manu- 
facturer does not wait for a definite order, but 
endeavours to estimate in various ways as exactly 
as he can the number of machines of any type 
that the market is likely to consume in a given 
period. Having arrived at this figure he decides 
to send orders to the shops to proceed with the 
making of fifty or a hundred or whatever appears 
to him to be an economical figure. He does this 
because by putting a group through at one time 
the manufacturing costs are decreased and he is, in 
consequence, able to sell at a lower price. In 
general engineering the opportunities for reduction 
of cost by mass production, as in the case, say, of 
motor-cars or sewing machines, do not present 
themselves, but nevertheless there is considerable 
difference in the cost as between “one off” and 
“fifty or a hundred off.” It is important to 
remember that this effect is cumulative. It 
begins with the semi-manufactured material and 
goes right through to the finished machine. 
Consider, as an example, the case of a firm making 
medium and small pumps or compressors. If it 
receives an order for one and one only and cannot 
take it from stock it has, let us suppose, to order one 
crankshaft forging, one drop-stamping and so on. 
The makers of these details are in the same 
position as the purchasers. “One off” costs 
them more than “ many off” and their price goes 
up. Indeed it may be said in broad terms that 
the cost of engineering products is affected in a 
large measure by the accepted practice throughout 
the industry of making for stock. A glaring and 
exaggerated example may be seen in the production 
of bolts, nuts, rivets and similar standard details. 
Imagine what the cost would be if the makers of 
such details were unable to make them by the mass 
but had to turn them out individually—as they 
did in the early days—to a definite order. That, 
as we say, is an exaggerated example, but the 
argument remains true if we move upwards from 
small standardised details to completed machines. 

When the organisation for the supply of materials 
was set up by the Ministry of Supply this fact was 
in the haste of the moment overlooked. Manu- 
facturers asking for materials were—they still are— 
instructed to fill up forms putting their require- 
ments against definite order numbers. If a maker 
receives an order from the Government, let us say, 
for a fair number of machines all is well and good ; 
production can be carried out at a reasonable 
price. But if the Government asks for one machine 
only, and the manufacturer has none in stock, the 
price bounds upwards. Furthermore, manu- 
facturers are doing their utmost to keep up a 
proportion of export trade. Now a very large 
proportion of that trade is met from stock and 
unless makers can put through a considerable 
number of machines, spares, &c. at one time they 
soon fade out from the markets because of high 
prices and long deliveries. For a time existing 
stocks have enabled makers to carry on fairly well, 
but the time has now come when an alteration in 
procedure is imperative. The real problem is to 
“ find a formula ”’ which will relieve manufacturers 
of the necessity of putting a definite Order Number 
against their requisitions for materials. It is being 
sought by representatives of the manufacturers 
and the Ministry of Supply, and is of such great 





importance that it is to be hoped that a solution 





will rapidly be found. The question whether the 
supplies can be made after the means of indenting 
for them have been provided is another matter. 
Yet the fact that the supplies of certain materials 
may be none too good must not be used to support 
a system which at the moment makes it impossible 
for manufacturers even to ask for supplies. A 
convenient method of indenting against stock orders 
must be found, and the sooner the better. The 
matter will not brook delay. 


Locomotive Experiments 


THE paper recently read before the Institution of 
Locomotive Engineers by Monsieur Chan, of the 
French National Railways, ought to cause British 
locomotive engineers, and perhaps others as well, 
furiously to think ; experiments are the life-blood 
of progress and the interesting account given in 
the paper of recent developments in French loco- 
motive design showed that France, always a 
practical nation, fully appreciates this truism. 
Particular reference was made to four special 
experimental constructions, viz.: a “* Velox ”’ unit ; 
a 4-6-4 locomotive with individual axle-drive and 
water-tube boiler; a 4-6-4 turbomotive having 
separate turbines to each driving axle; and a 
2-12-0 freight locomotive provided with two H.P. 
and four L.P. cylinders. Descriptions were also 
given of more standardised types which, it must 
be admitted, showed some advance on parallel 
types in this country. 

Commenting on the paper, the first point that 
strikes us is the determined effort towards increased 
boiler pressure, the only adequate reply to the 
limitations of the loading gauge. The present 
standard pressure in France may be put at 285 Ib. 
per square inch, but the experimental turbomotive 
and the 2-12-0, both of which are fitted with 
boilers of the conventional type, are pressed to 
385 Ib. per square inch, the latter engine being 
provided with steam-jacketed cylinders, and a 
second superheater positioned between the H.P. 
and L.P. cylinders. The water-tube boiler of the 
4-6-4 with individual drive and reciprocating 
engines is pressed to 850 lb., and the “ Velox” 
installation—one can hardly refer to such an 
aggregation of details as a “ boiler ’°—works at 
285 Ib., the pressure being determined by the use of 
a conventional second-hand chassis on which the 
original boiler of normal type has been replaced 
by the experimental assembly. The second point 
to which attention may be directed is the French 
predilection for compounding, which appears to 
be-a standard practice throughout the country. 
The discussion following the reading of the paper 
brought out suggestions that compound locomotives 
were easier to drive, which may or may not be, 
and that the platform-height in this country was 
inimical to compounding on account of the 
limitations that it imposed on outside cylinders. 
This again may be so, but a substantial increase in 
boiler pressure should overcome the difficulty by 
permitting the use of more conveniently sized 
cylinders. The failures in this country of several 
efforts at compounding are certainly remarkable 
when contrasted with our neighbour’s obvious 
success ; moreover, Monsieur Chan’s remark on 
the necessity of building economical engines with 
a low consumption of fuel in his country surely 
applies here with equal force. Isolated axle- 
drives may be thought of doubtful advantage 
when the uncoupled driving-wheels of the three- 
cylindered Webb compounds of the ex-L. and 
N.W. Railway are brought to mind ; on the other 
hand, tendency to slip at starting in the French 
engines will be discounted by the even torque of 
the turbine and the numerous impulses per 
revolution of the multi-cylindered 4-6-4, but we 
put it forward that in spite of these advantages 
coupling the driving-wheels together would still 
be found of some value. The turbine engine 
brings up a very interesting point, i.e. the suitability 
of gearing applied to the drive of the steam loco- 
motive. With proved qualities geared drive 
could be applied to the solution of many loco- 
motive problems such as balancing, automatic 
lubrication, two-speed gear for mixed-traffic types, 
&c., and a large field for research would im- 
mediately be opened up. Considerable experience 
of gearing has by now been obtained by the 
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L.M. and 8. Company from its turbine locomotive 
which has run a considerable mileage to date, 
and has many fine qualities, as Mr. Livesay records 
in our columns. A further point of particular 
interest was the reference to cast-steel cylinders 
and piston-heads. The use of cast-steel for these 
parts permitted a saving in weight and, in the case of 
the cylinders, provided a solution to the difficulty 
experienced in fitting-in large L.P. cylinders 
between the frames which, by the way, were 
stated to be plate. The cylinder-walls were 
given as not exceeding gin. in thickness, a tribute 
to the excellence of the work of the founders. 
The pistons had their working faces covered with 
a special brass welded on, a novel proceeding to us. 
We own that we hesitate to comment on the 
“Velox ” boiler and its attendant complications ; 
it is certainly a bold departure from the orthodox, 
but whether it will stand up to the rough-and- 
tumble of railway work must be left for time to tell. 
It appears to have run 12,000 miles without failure 
prior to the outbreak of war and to have given 
satisfactory results on trial. 

Experimental work on locomotives follows two 
broad lines, boilers and engines, and for the sake of 
clarity it is well not to mix them up on one assembly. 
Attempts have been made from time to time to 
escape from conventional design in boilers, but 
without much success, the last really notable 
improvement being the superheater and the latest 
attempt the “ thermic siphon,” which is a virtual 
resuscitation of the “‘ midfeather ”’ in the fire-boxes 
of the old coke-burners. If the siphon ever 
equals the superheater in European popularity— 
in America it is becoming standard practice— 
it may have a great influence towards changing- 
over from copper to steel for inner fire-box con- 
struction in this country; copper siphons and 
boxes have been tried, but as the repairs required 
are so often of a kind requiring fusion-welding, 
steel, which is much easier to weld than copper, 
may become popular ; it must be added that it is 
generally favoured for this purpose outside this 
country. Mechanical stoking is as yet untried 
here ; it might be of some advantage, but the 
limitation of the grate-area added to the good 
quality of our coal are apt to discount its value. 
Outside increased pressures, therefore, the field 
for experimentation in boilers is somewhat limited, 
but fortunately this does not apply to the engine 
itself. We can instance the turbine, the totally 
enclosed gear-driven engine, and a large variety 
in multi-cylindered arrangements as offering a 
wide field for research, and there is always the 
question of compounding. Valuable assistance 
from the Rugby Experimental Station when it 
begins work may be looked for in this connection, 
but a certain boldness in launching out into new 
ideas is required if the full value of that plant is to 
be realised. 





Obituary 


PROFESSOR WILLIAM BLACKADDER 


We have to announce with the deepest regret 
the death on Tuesday, May 14th, at his home, 54, 
Queen’s Road, Aberdeen, of Professor William 
Blackadder, Professor of Engineering in the 
University of Aberdeen. He had been ill for 
several months and died at the age of 63. 

Professor Blackadder was a son of the late 
Robert Blackadder, a civil engineer of Dundee. 
He received his education at the Dundee High 
School, from which he gained a scholarship to the 
University of Edinburgh. He _ studied civil 
engineering, and graduated with the degree of 
B.Sc. After gaining practical experiense in civil 
engineering work on the staffs of the Caledonian 
Railway Company, the Clyde Navigation Trust, and 
the Aberdeen Harbour Board, he was _appointed, 
in 1907, Lecturer in Civil Engineering and Applied 
Mechanics at the Royal Technical College, Glasgow. 
Only those who studied under Blackadder could 
appreciate his gift for teaching, which made his 
stay at the Royal Technical College a very happy 
one. Later, with the expansion of the work of his 
department, he devoted all his time to the Applied 
Mechanics Department and continued his work on 
hydraulics and the strength of materials. During 





the last war he served with the Royal Engineers 
and the Royal Garrison Artillery, both in France 





and in Italy, and was mentioned in dispatches. 
In 1923 he was awarded the degree of D.Sc. by 
the University of Edinburgh for his outstanding 
work in research on hydraulics. When in 1924 it 
was decided to create a Chair of Engineering in 
the University of Aberdeen, Professor Blackadder 
was chosen to fill that appointment. He was an 
Associate Member of the Institution of Civil 
Engineers, and for his paper read in London in 
1931 on “Lines of Influence for Continuous 
Girders ’’ he was awarded a Telford Premium. 





FRED SMITH 


Many of our readers, especially those in the 
Midlands and the North of England, will learn with 
deep regret of the recent death at Lytham, of 
Mr. Fred Smith, at the comparatively early age of 
60. Mr. Smith, who for many years had resided 
at Pollard Hall, Gomersall, near Leeds, died quite 
suddenly, and his death will be keenly felt by 
many of the engineering firms which he had led 
and guided for so many years. He was born in 
1880, and was the third son of the late Mr. Enos 
Smith of Torquay and Cleckheaton. On com- 
pleting his education he became associated at an 
early age with the engineering industry, and took 
an active part in the management of several leading 
firms. He was Chairman of J. Blakeborough and 
Sons, Ltd., of Woodhouse Works, Brighouse, 
Yorkshire, and joint Managing Director of British 
Ropes, Ltd., of Carr Hill, Doncaster. He was also 
a director of Templeborough Rolling Mills, Rother- 
ham, William Cooke and Co., Ltd., Tinsley Steel, 
Iron and Wire Rope Works, Tinsley, Sheffield, 
and Darlington Fencing Company, Ltd., of Darfen 
Works, Carr Hill, Doncaster. During the last 
war Mr. Smith was appointed Assistant Director 
(Wire) of Materials and Priority, in the Controller’s 
Department at the Admiralty. At the conclusion 
of the war he was awarded the C.B.E. For many 
years Mr. Smith had been a member of the Council 
of the Federation of British Industries. 

Mr. Fred Smith’s intimate knowledge of the 
wire industry and the complete trust in which he 
was held by that large and widespread trade, 
proved of very great help to the Admiralty and 
indeed to the country as a whole. Sir Gerald 
Chadwyck-Healey, who was Director of Materials 
and Priority at the Admiralty in 1918, and under 
whom Mr. Smith worked as Assistant Director 
(Wire), writes to say: ‘‘ Those of us in the large 
Departmer't of Materials and Priority who worked 
with Fred Smith know well the fine work he did. 
No man was more trusted and better liked in the 
industry with which he was closely concerned. 
There were no strikes in the wire trade during the 
last war. I look back to the dark days of March 
1918 when great demands for wire were made to 
replace large losses. Fred Smith remained calm and 
resolute and under his lead an already overburdened 
industry rose to meet the pressing call. There will 
be many sad hearts among the workmen of 
Yorkshire to whom he was always “ Mr. Fred,” 
and not less among those of his friends, whose 
memory of him will abide.” 





WILLIAM HENRY MASSEY 


Few engineers have been given a more varied 
engineering experience and a wider knowledge of 
men and things than William Henry Massey, 
whose death took place at Twyford, Berkshire, 
on Monday, May 13th, at the age of ninety. As 
he retired about twenty years ago little has been 
seen of him during late years, but in the Victorian, 
Edwardian and Georgian reigns he was an out- 
standing figure in engineering circles, and was for 
more than forty years consulting engineer to the 
Royal Household. 

William Henry Massey was born on October Ist, 
1848, at La Seyne, near Toulon, where his father 
was an engineering contractor. He used to recall 
that one of his first recollections was of the French 
engineer de Lesseps coming to see his father with 
regard to contractor’s plant needed for the building 
of the Suez Canal. He was educated partly in 
France and ly in Russia, but on coming to 
England he entered the Leeds Grammer School, 
where he came out first in electricity, chemistry 
and natural sciences. After serving a long 
apprenticeship with a firm of millwrights and 
engineers, young Massey went to sea as third 
engineer in a Russian steamer of the Russian 
Steam Navigation Company, of which his father 
had been appointed the manager. In 1870 he 
joined the famous Greenwich firm of marine 
engineers, John Penn and Son, and soon took a 





leadivg part in the outside work of that firm. He 
was chosen as the firm’s representative for the 
heavy sea trials of H.M.S. “ Devastation ’’ in 
September to October, 1873, and was accompanied 
by other civil experts, W. Froude, H. M. Brunel 
and Sir Philip Watts. The trials took place off 
the coast of Ireland, and were of special interest as 
the ‘“‘ Devastation ” was the first British battleship 
to rely on steam alone for propulsion. Two years 
later, in 1875, Mr. Massey accepted an appointment 
with a German firm of marine engineers, and went 
to Berlin, where he was entrusted with the carrying 
out of several important contracts for the German 
Government Dockyards. When he returned to 
this country he was associated with the late 
Mr. P. W. Willans, at Hunter and English’s, of 
Bow, and it was about that time that he first 
made his connection with the Court. His advice 
was asked regarding some defects in a steam roller 
designed by the Prince Consort, and he was 
summoned to Windsor in 1878, and quickly put 
the roller in working order. He was subsequently 
consulted by Queen Victoria on many matters 
relating to the heating, water supply and ventila- 
tion of the Royal Palaces. By constructing one 
of the first steam dredgers used in the Fen district 
he came into touch with John Fowler and Co., of 
Leeds, which firm was then specialising in agri- 
cultural and mining plant. In 1877 he was 
appointed outdoor manager -for the firm, and for 
the next four years he travelled widely in every 
part of England and Wales and was frequently 
consulted on engines and plant for electric lighting. 

For a short time in 188] he was General Manager 
of the Electric Light and Power Generation 
Company, but owing to a disagreement with the 
company he resigned and started in business for 
himself as a consulting engineer in Westminster. 
He took a keen interest in the introduction of 
electric lighting, and was directly responsible 
for some of the earlier installations. He was 
associated with the lighting of the Crystal Palace, 
and acted as advisory engineer to the Swan 
United Company, in getting together the staff 
preparatory to the amalgamation of the Edison 
and Swan Companies. He was an early member 
of the Society of Telegraph Engineers and Elec- 
tricians, the forerunner of the Institution of 
Electrical Engineers. At a meeting of March 13th, 
1884, he reported to the Society on the recently 
introduced lighting by Swan lamps on the Kensing- 
ton and Putney Bridge trains of the Metropolitan 
District Railway. At that period a great number 
of railway reading lamps were sold, and Massey 
stated that he had been able to ascertain that one 
London house disposed of about sixty thousand 
twopenny candles every year for that purpose 
alone. He was a founder member in 1883 of the 
dining association of the 101 Dynamicables, and 
served on its Council for many years, finally 
resigning in 1906. From that body of eminent 
electrical engineers there was formed in 1884 an 
Electric Lighting Committee, whose critical report 
on the Act of 1882 exerted an important influence 
on the future of electrical progress. The main 
work of Massey, however, was connected with the 
Royal Establishments, and he was, early in the 
‘eighties, appointed ‘Mechanical and Electrical 
Engineer ” under the Board of Green Cloth (the 
Master of the Household’s department), a position 
he continued to hold through three reigns, until 
he retired about twenty years ago, and went to 
live in Buckinghamshire. Although he was 
familiarly known as the “ King’s Electrician ” 
the scope of his work was much wider and embraced 
all kinds of engineering work. He was a member 
of the Institutions of Civil, Mechanical and 
Electrical Engineers, the Institute of Marine 
Engineers, the Iron and Steel Institute, and the 
South Wales Institution of Engineers, and a Fellow 
of the Physical Society. Abroad he was a membre 
fondeur of the Société Internationale des Elec- 
triciens and an Officier d’Instruction Publique. 
He served on many juries connected with the 
exhibitions in this country, France, Belgium and 
America. He was created M.V.O. in 1921. 

The engineers who knew Massey in his prime 
are getting few and far between, and even men 
who met him in their youth are now old them- 
selves. But there are some who recall an upright, 
hearty man, often dressed in a fisherman’s jersey, 
whose great assets were straightforwardness and 
straight dealing. In those days few people knew 
more than the mere outlines of electrical engin- 
eering and the pioneers like Massey who undertook 
electrical equipment had to be men of courage and 
boldness. In those qualities he was never lacking 
and owed much of his success to the fact that as a 
practical man he was ready to try when he was not 
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sure of success. To men such as he, electrical 
engineering owes a debt which all those who have 
the advantage of the experience they hammered 
out of next to nothing, now supported by well 
established science, should never forget. 





Literature | 


Early British Locomotives. By C. F. Dendy 
Marshall, M.A., M.I. Loco. E. London: Loco- 
motive Publishing Company, 1940. 10s. paper, 
12s. 6d. cloth. 

Tuts is a supplement to the author’s essay “‘ The 
First Hundred Railway Engines’ published in 
1928, itself the result of many years investigation 
into the history of locomotives built prior to 1830, 
It was not until this essay was published that it 
was generally realised what an enormous amount 
of spadework had been done in this direction and, 
moreover, how much of the work had been done in 
Great Britain. Since then the author has con- 
tinued his inquiries, besides which his essay 
stimulated other persons to search in similar 
directions with the result that much more informa- 
tion has come to light, a part of which first appeared 
in our own pages. The author has now digested 
this matter and has set it forth in a handsome well- 
illustrated volume that every locomotive engineer 
will find it a pleasure to possess. Even now the 
story is incomplete, for the author in its preface 
enumerates eight locomotives, information about 
which is still wanted. 

About Trevithick there is much detail given 
which emphasises his paramount position as the 
inventor whose practical trials gave birth to the 
engine from which derives in lineal and unbroken 
descent the locomotive of to-day. The earliest 
published illustration of a locomotive in service— 
that of Blenkinsop designed and constructed by 
Murray in 1812—is reproduced. Much evidence 
on the subject of the engines of Blenkinsop type 
constructed by Robert Dalglish at Orrell Colliery 
near Wigan in 1812 is adduced. Other engineers 
whose work is brought into prominence are Taylor 
Swainson, William Brunton and, in particular, 
William Chapman (1749-1832) who, if he had done 
nothing else except invent the bogie, 1812, deserves 
immortality. He was far-seeing for, in 1825, when 
the stage attained by the locomotive was no more 
than that of an extra-powerful dray horse, he 
visualised ‘‘ conveying passengers with speed and 
convenience from place to place which may be 
done in long carriages resting on eight wheels and 
containing the means of providing the passengers 
with breakfast, dinner, &c., whilst the carriages 
are moving.” 

An interesting episode in the career of William 
Hedley’s ‘‘Wylam Dilly” was its conversion 
temporarily to act as a tug engine, the occasion 
being a keelmen’s strike on the Tyne in 1822. A 
water-colour drawing of this incident is reproduced 
as the frontispiece. 

Chapter V of the book is mainly taken up with 
fresh information afforded by a ledger covering 
the years 1823-31 discovered by Messrs. R. 
Stephenson and Co. since Mr. J. G. H. Warren 
wrote the firm’s “A Century of Locomotive 
Building.”’ The entries in the ledger have been 
satisfactorily identified with known locomotives 
and will repay study. “One of them must be 
mentioned here. It was built for the Balti- 
more and Ohio R.R., shipped to Liverpool per 
the sloop “ Fraser,” and then no more is heard of it. 
The author found that the vessel had been wrecked 
at the entrance to Peterhead harbour; nothing 
would satisfy him and three fellow enthusiasts but 
to send down a diver to look for the wreck, but it 
was too much to hope that anything could have 
been found on such an exposed coast after so long 
an interval ! 

Summarising the world’s first hundred loco- 
motives, so far as now revised, 92 were British ; 
3 were French, 1829-30, and quite successful ; 
3 were American, 2 of them being only toys, 
and the third without influence on subsequent 
design ; and lastly, 2 were German and would not 
work ! 








SHORT NOTICES 


The Quality of Coke. By R. A. Mott, D.Sc., and 
R. V. Wheeler, D.Sc. London: Chapman and Hall, 
Ltd., 11, Henrietta Street, W.C.2. Price 36s. net. 
This book actually comprises the second report of 
the Midland Coke Research Committee and deals 
with the work completed by the end of 1937, an 
oceasional summary being included of work done 
subsequently. The first part is introductory and 
deals with the standards for commercial coke; stages 





in the formation of coke ; the characteristics of coals 
which influence the formation of coke; and the 
influence of carbonising conditions on coke formation. 
The standards of a commercial coke are covered in 
the second part of the book, the various chapters 
dealing with its size, structure, sampling and analysis, 
density and porosity, abradability, hardness, re- 
activity, and specification. Coke formation is then 
discussed in considerable detail in chapters covering 
the composition and decomposition of coal; _ its 
softening and swelling; the plasticity of coal and 
the formation of semi-coke; the formation of coke 
from semi-coke ; the mechanism of coke formation ; 
and the measurement of the swelling power of coal. 
The last chapters cover the influences of different 
factors in manufacture upon the quality of coke with 
a view toitsimprovement. In the preface the authors 
say that they have been able to demonstrate the 
influence of the composition of coal on the quality of 
the coke made from it, and to show the valuable effect 
of the presence of both durain and fusain. They 
have also been able to define fairly precisely the 
advantages of blending with coke dust. They are, 
however, still baffled by the inter-reactions which 
take place between one (bright) coal and another, 
and are unable to draw more than tentative con- 
clusions as to the value of blending of two or more 
such coals in different proportions. 





Design and Construction of Air-Raid Shelters. 
By D. H. Lee, B.Se., M. Inst.C.E. London: Concrete 
Publications, Ltd., 14, Dartmouth Street, S.W.1. 
Price 8s. 6d. net.—This book provides a large number 
of designs for the construction of air-raid shelters, 
in concrete, brick, steel and timber, all of which are 
in accordance with the requirements of the Ministry of 
Home Security. Full constructional details are given 
of bomb, splinter and blast-proof shelters, and a 
number of designs are included showing means for 
the strengthening of basements. A short chapter 
gives some useful information on protective revete- 
ments and another describes in detail the construction 
of tunnel shelters. It is plentifully illustrated and its 
usefulness is considerably enhanced by the large 
number of excellent drawings. The book will be of 
considerable use to those concerned with the provision 
of air-raid shelters particularly in view of numerous 
schedules which enable the relative costs of the 
different designs to be rapidly ascertained for any 
locality. 
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Letters to the Editor 
(We do nut hold ourselves responsible for the opinions of our 
correspondents) 
RAILINGS AND SCRAP 

Sir,—With reference to the leading article on 
the scrap position which appeared in your issue of 
May 10th, I fully agree that there is a limit to the 
pulling down of railings, to go beyond which might 
involve putting up substitutes in other materials. 
We have, therefore, been at some pains to distinguish 
between railings which serve an essential purpose 
and those which are redundant, and, consequently, I 
do not think that there has been an outcry for their 
removal irrespective of the purposes they serve. 
In this connection the Building Centre, 158, New Bond 
Street, is holding an exceedingly interesting exhibition 
called ‘‘ Railings for Scrap” which points out the 
differences between the good and the bad and how, 
all over the country, railings could be removed with 
considerable improvement to the amenities. Un- 
necessary railings represent many thousands of tons 
of excellent melting material and I am sure you will 
agree that it is in the general interest to make a clean 
sweep of these in present circumstances in order to 
help maintain steel output in the future. 

JAMES Metvin, A.R.I.B.A. 

Ministry of Supply, Iron and Steel Control, London. 





Sixty Years Ago 


THE THAMES AND LonpDoN’s SEWAGE 

THE main drainage scheme which Sir Joseph 
Bazalgette designed for London collected the sewage 
from the districts north of the Thames and discharged 
it into the river at Beckton, while the sewage from the 
southern districts was discharged at a point lower 
down opposite Dagenham. As the years went on 
banks began to form in the river. The first of 
these banks made its appearance a little below 
the northern outfall and extended for a length of 
about 1400 yards along the concave southern side 
of the river channel. The second, slightly longer, 
lay towards a concave bend on the northern side. 
The third extended about 1500 yards on the southern 
side from a point a little above to a point some distance 
below the southern outfall, and like the first and 
second was formed along a concave portion of the 
channel. The main drainage scheme was carried out 
under the authority of the Metropolitan Board of 
Works. The Conservators of the River Thames 
complained to the Board that the banks were 
interfering with navigation and, alleging that they 
had been erected by the mud brought down by 
the sewage, called upon the Board to remove them. 
The Board denied its responsibility for the mud 
banks and asserted that if they existed at all they 
had been created by the Conservators’ failure to 
protect the foreshore of the river and properly to 
dredge the stream. The dispute was eventually 
referred in the summer of 1879 to a Commission 
consisting of two arbitrators—Mr. (Sir Frederick) 
Bramwell, appointed by the Board, and Captain 
Galton, appointed by the Conservators—and an 
independent umpire—Sir Charles Hartley. The 
Commission’s findings were summarised in our 
issue of May 21st, 1880. The inquiry, it would appear, 
was conducted in a manner highly creditable to 
all concerned, each side appearing almost to do its 
best to help its opponent’s case. Before it was 
concluded, counsel for the Conservators, while main- 
taining that the mud banks were in some way 
caused by the outfalls, completely withdrew the 
original contention that they were composed of 
material which came from the sewers. Not to be 
outdone in courtesy, counsel for the Board not 
only admitted the existence of the banks but agreed 
that they became apparent shortly after the opening 
of the Board’s outfalls. The Commission’s findings 
somewhat surprisingly went entirely against the 
Conservators. The sewage from the outfalls, it 
said, might have contributed to the composition 
of the banks, but could have done so only to a small 
extent since the amount of matter discharged from 
the sewers was small relatively to the total amount 
of suspended matter in the water which flowed past 
the outfalls at each tide. The banks, it found, had 
been caused by unskilful dredging by the Conservators. 
The direction and velocity of the flow had been so 
altered as to cause a deposition of the suspended 
matter and the formation of the three banks. Going 
further, it declared that the reaches in which the 
banks were situated were—except at times of low 
water—actually better for navigation than they were 
before the banks were formed. The Commission 
therefore dismissed the plea that the Board should 
remove the banks or contribute in any degree to 
the cost of their removal. . . . To contribute further 
to the piquancy of the situation it may be noted that 
one member of the Commission, Captain Galton, 
in his capacity as a referee appointed by the Con- 
servators to inquire into the main drainage scheme 
when it was first proposed, had objected to the 
position of the outfalls for substantially the very same 
reasons as those which as a member of the Commission 
he dismissed as untenable. 
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Mastering Momentum in Transport 
By L. K. SILLCOX+ 
No. II 
(Continued from page 462, May 17th) 


Rail Sanding.—The laying of steel rails for a 
track and the flanging of wheels may be the only 
truly permanent characteristics of the railways as 
revolutionary changes are met in structural and 
operating practices, but as long as these details 
prevail, it is difficult to see in what manner the 
adhesion of a dry, sanded rail may be improved 
for purposes of either traction or retardation. 
Sand has proven to have exceptional merit in the 
prevention of sliding wheels, but the use of sand 
has been confined to the preparation of rail 
under driving wheels to prevent slippage when 
starting and accelerating trains. Instructions 
have been issued by some railways operating high 
speed trains which demand superior retardation 
performance requiring the manual sanding of rail 
in anticipation of heavy braking. This practice 
is only partially effective. Sand is ground fine as 
locomotive and car wheels roll over it and it is 
swept from the rail, a part adhering to the wheel 
treads and being carried beneath the brake shoes 
(incidentally increasing their frictional effective- 
ness), thence lost to the ground between and outside 
the rails. As yet, reliable sanding devices for the 
assurance of a rail condition which will permit 
maximum retardation rates have not been installed 
at a sufficient number of stations throughout the 
length of any train to be fully effective, perhaps 
for the reason that efficient devices, whose operation 
is protected under all conditions of weather, have 
not been available heretofore. Moreover, the 
necessity is novel in railway experience. The 
modern interpretation of high speed is a quite 
radical departure and short stopping distances are 
assuming new significance. Yet to-day many 
responsible mechanical officers have become con- 
vinced of the merit of this new but essential 
complication and plans have been laid for service 
installations. 

Exercise of Judgment.—The provision of an 
automatically functioning safety mechanism must 
proceed with due caution, recognising the falli- 
bility of such devices, unless impracticably complex, 
in possible failure to detect and respond to un- 
usual operating conditions. For instance, it is 
proposed to install a sand supply and sand ducts 
at each truck of a truly high speed train with 
direction control to ensure sand delivery in front 
of the leading wheels, irrespective of the direction 
of car movement. Rail is to be automatically 
sanded when the intensity of brake application 
warns the control mechanism that adhesion limits 
are threatened. Obviously it would be impractical 
to spread sand upon the rail at the least application, 
since an unreasonable sand storage provision would 
be required and the storage space might be found 
empty when emergency arose. The designer must 
designate a limiting rail adhesion condition and 
interpret this in terms of equivalent local braking 
effort, fixing the point of automatic sanding impulse. 
On occasion, the rail may offer an exceptionally 
low adhesion factor—much too low for a fixed 
retardation limit at which automatic sanding will 
always occur. Then, as in countless other 
instances, dependence rests with the integrity and 
judgment of the engineman. The addition of 
automatically functioning protective devices only 
partially relieves his responsibilities and lightens 
his duties. He must ever be alert to recognise the 
unusual condition, to take control of a function 
which he has grown accustomed to neglect as one 
which operates at a signal, automatically given. 
Train handling is surrounded by variables which 
combine in such diversity that there is scarcely a 
detail in control which does not require, at one 
time or another, manual supervision, and suitable 
provision is essential. 

Wheel Slide Detector —Superimposed upon an 
automatic sanding system, a new protective 
device is being recommended and, to a limited 
extent, applied. This is the automatically function- 
ing wheel slide detector which assumes control 
of the local brake application to relieve the braking 
force until rotation of the sliding wheels at train 
speed is restored: Of various forms, the wheel 
slide detector is a device of proven merit in the 





* A Discussion of Modern Transport Trends and their Influence 
upon the Equipment of American Railways, Massachusetts 
Institute of Technology, 1940. 


t First Vice-President, The New York Air Brake Company. 





reliable performance of its function, the sole 
objections to its use being, in a measure, lack of 
control over the net braking force available 
throughout a stop, the complication which its 
addition involves, and its cost. Exact evaluation 
of its virtues must await service experiences with 
automatic and effective sanding means, since the 
only economic justification for the wheel slide 
detector resides in its capacity to prevent the 
damaging of wheels which otherwise would occur. 
If, with the provision of a fully conditioned rail, 
required stopping distances are regularly (under 
all rail conditions) secured with freedom from wheel 
damage, the necessity for any type of wheel slide 
detector would seem to be eliminated. 

Slid Flats Through Impact.—Tendency toward 
the damaging of wheels through slid flat spots 
depends upon more than the absolute coefficient of 
wheel-rail adhesion in its relation to retarding 
forces applied and the weight normally supported 
upon the wheel. The rotative inertia of a car 
wheel and axle assembly is such that rotation cannot 
be arrested instantly nor can its rate of rotation be 
appreciably increased except through the appli- 
cation of a determinate force, acting through a 
measurable time. When, in the presence of non- 
uniform instantaneous speeds of individual car or 
locomotive units within a train, be they due to 
changes in track profile, non-uniform braking, or 
normal, controlled change in the direction of slack, 
impact occurs, adjacent car bodies are quickly 
accelerated or retarded. Slippage of wheels upon 
the rails follows, adding to the creep which is 
inevitable as long as wheels are fixed to a common 
axle, and a damaging wheel slide is threatened. 

Weight Transfer—Unpredictable wheel sliding 
may also result from the partial unloading of a 
single axle or truck for a sufficient length of time 
during a brake application to allow the constantly 
applied retarding force materially to reduce wheel 
speed. During the first stages of a wheel slide, 
while the wheel is still rotating but at a slower 
rate than train speed, the normally static wheel- 
rail contact condition becomes dynamic with 
reduction in the absolute coefficient value. Coinci- 
dentally, the normally dynamic absolute coefficient 
of friction condition between wheel and brake shoe 
approaches a static state with augmented value. 
It is apparent that, once started and progressed 
to any considerable degree, a wheel slide can seldom 
be arrested without substantial reduction in brake 
cylinder pressure. Due to inertia effects, car 
truck and body weight thrust forward upon 
retardation. Their centres of gravity, being located 
well above the rails (the point of resistance to 
continued speed at an undiminished rate), instan- 
taneous weight changes occur, with weight transfer 
from rear to forward truck and from rear to 
forward axle on each truck. With resistance to 
wheel sliding derived as the product of absolute 
coefficient of friction (adhesion) between wheels 
and rails and the instantaneous weight upon the 
rail at that location, any change in weight distri- 
bution upon the several axles must aggravate the 
sliding tendencies, a condition which cannot well 
be corrected by any simple and direct expedient. 

Spring-Borne Car Bodies——Momentary changes 
in the weight carried by individual axles arise 
from causes other than the balanced, fore and aft 
weight transfer tendencies caused by accelerating 
and decelerating forces. As both truck frames and 
car bodies rock and oscillate upon their supporting 
springs, the instantaneous load is that indicated 
by the height of the group of series springs nearest 
the journal boxes. Remembering that an appre- 
ciable time increment is required for a wheel slide 
to start and progress to the point that rotation 
will not be fully recovered when normal loading is 
returned, the effect of design trends, favouring 
slowly repetitive, long amplitude spring motion 
upon wheel sliding with periodic weight changes is 
readily visualised. The conventional passenger 
coach of ten years ago generally incorporated bolster 
and truck equaliser springs offering approximately 
5in. total movement, free height to static load. 
More recent cars for the same type of service, so 
constructed as to conserve weight, and fitted after 
the de luxe fashion, are equipped with springs 
which deflect over 12in., free height to static load. 
Deflection upon service impact varies to a similar 





oxtent and the period of oscillation, if undamped, 
varies directly with the square of the unit de- 
flection. A pair of wheels is thus allowed more 
than four times the time in which to develop a 
damaging slide before full weight is restored than 
heretofore. Opposing this tendency, the total 
variation in instantaneous weight due to spring 
action throughout an oscillation cycle is probably 
less. 

Brake Hangers as Spring Snubbers.—The action 
of conventional clasp brake rigging has an im- 
portant stabilising effect upon truck action during 
braking and this is doubtless reflected in some- 
what higher values of the apparent coefficient of 
wheel-rail friction. In all conventional passenger 
train car truck constructions, one or more spring 
groups is interposed between truck frame and 
the unsprung journal boxes. With brake shoes 
suspended from the truck frames, though bearing 
upon the wheel treads, a rigid tie is formed, elimina- 
ting the free spring action and attendant low 
frequency weight change tendencies which would 
otherwise exist. The foundation brake gear then 
has at least one compensating function to offset 
the objections to the frame stresses it introduces 
and the load upon bearings and pedestals which 
arise from resultant and unequalised shoe forces. 
The effect is apparent in observing the truck 
action of installations incorporating the disc type 
of axle brake, the added unsprung axle weight 
doubtless contributing to the tendency of the 
wheels to slide somewhat more readily. 

Wheel-Rail Contact Area.—Adhesion is materially 
affected by a third factor—the extent of wheel and 
rail contact area. Through wear, the average rail 
head assumes a form affected by the tapered treads 
of most of the wheels which pass over it but con- 
forming imperfectly to either the contour of a new 
wheel or one well worn, the exact contour of the 
worn wheel bearing clear evidence of its lateral 
travel within the limits of flange clearance. The 
reasonable conclusion is frequently expressed that 
the high tread temperatures developed in the 
conventional method of braking high speed 
trains create a tread metal condition conducive to 
restricted surface flow, assisting the new tread to 
adapt itself to the average rail condition and 
extend the contact area. That this effect is not 
present when brake shoes are removed from the 
wheel treads, together with the development of 
a surface rolled wheel tread, undisturbed by 
brake shoe abrasion, may account in some measure 
for the low maximum adhesion values obtainable 
during recent tests of a high-speed train fitted with 
an axle type of brake. The exact responsibility 
for the unexpected tendency for the wheels to 
slide on moderate brake applications is unexplained 
and the possible effects of such factors as increased 
unsprung weight, free spring action and an unusual 
tread condition have not been verified. 

Vagaries of Friction Coefficient—The introduc- 
tion of the ultra high speed train first presented 
the necessity for regularly braking the train to the 
limit of reliable rail adhesion values. It became 
necessary to eliminate delay in the application of 
brakes with full pressure upon all units and 
reasonably to protect the cars against the sliding of 
wheels as the absolute retarding forces increased 
in response to an uncontrollable increase in the 
effective coefficient of friction value. This charac- 
teristic of the frictional changes occurring between 
cast iron brake shoes and cast iron or steel wheels 
is dependent upon two factors, the rubbing speed 
and the temperature of the surfaces, the latter 
varying, in turn, with the initial speed from which 
a stop is made. 

Application Time.—Delay in securing instan- 
taneous and simultaneous response of the brake 
application valves upon each car has been over- 
come by equipping the cars which invariably are 
associated in the highest of high-speed services 
with electrical circuits, energised at the locomotive. 
By means of these circuits, relays may be operated 
at will upon each car, to indicate to the pneumatic 
devices the functions they are to perform. Further 
delay is suffered in the establishment of effective 
retardation after the pneumatic apparatus has 
received its signal to deliver air under pressure 
to the brake cylinders. From the standpoint 
of design, no appreciable delay must be introduced 
at this point, but abrupt changes in the rate of 
motion in cars can be decidedly uncomfortable and, 
moreover, in pressing cold brake shoes upon cold 
wheels, they bear with an efficiency greater than 
that secured at the same pressure after wheels and 
shoes have been heated by continued rubbing 
contact. Consequently, an arbi rate of 
brake cylinder pressure development is decided 
upon which reflects, for the most part, the judgment 
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of the operating and mechanical officers of the 
individual railway. 

Brake Shoe Improvements.—Various expedients 
are in limited use at this time, designed to over- 
come the most objectionable qualities of the 
standard cast iron brake shoe in their effects upon 
uncontrolled, marked changes in frictional pro- 
perties as high speed, high shoe pressure stops 
progress, and to relieve car wheels of the high 
temperatures develuped during the normal braking 
process. The carbon insert, cast iron brake shoe, 
identical with past patterns with the exception 
of the addition of imbedded blocks of sintered 
carbon, has been shown to possess merit in re- 
tarding the deposit of metal upon the wheel tread 
during extremely heavy braking, in reduction of 
the initial high value of the coefficient of brake 
shoe friction, and in increasing the pressure-speed 
range at which secondary build-up of the coeffi- 
cient of friction occurs—that most troublesome 
and uncontrollable phenomenon of the standard 
cast iron shoe, associated with the luminous dis- 
charge of gases released upon rapid brake shoe 
disintegration, termed “flaming,” and accom- 
panying the casting off of molten metal from the 
brake shoe surface. When this occurs, shoe 
surface metal softening and freely sloughing off, 
the absolute coefficient of friction increases 
materially and there may result a local tendency 
for the wheels of a single axle or truck to be 
retarded at a more rapid rate than others upon 
which a “flaming” shoe condition has not de- 
veloped. This situation is particularly serious, 
since braking to the point of wheel sliding can 
occur without sufficient effect upon total train 
retardation to be recognised by the engine- 
man. 

Automatic Retardation Control.—The Decelakron, 
an inertia type of automatic retardation con- 
troller, is not sensitive to the sliding of an axle or 
truck during the course of a heavy brake appli- 
cation. In fact, it may react to hold for a longer 
time the pressure which is trapped in the brake 
cylinder. Nor can the speed governor type of 
retardation control, which meters brake cylinder 
pressure in accordance with instantaneous speed, 
recognise a pair of sliding wheels and by automatic 
means correct the condition which is responsible. 
The Decelostat, one form of wheel slide detector, 
would respond to a wheel slide signal and reduce 
brake cylinder pressure to restore rotation and in 
such instances the Decelostat would be very useful. 
Automatic rail sanding would also serve a dual 
function in relieving the hazard of condemning 
flat spots originating from this cause. By a 
material increase in the effective coefficient of 
wheel-rail friction, an ample discharge of sand, 
reliably directed into the zone of wheel-rail contact, 
will resist the tendency for wheels to slide, despite 
the presence of high retardation forces delivered 
upon the wheel, and also, by virtue of its effect 
upon brake shoe friction, sand will assist toward 
the production of any desired retardation force 
with a lower total brake shoe pressure, the highly 
heated sand particles, escaping from beneath the 
brake shoe, carrying with them heat which other- 
wise would, of necessity, be dissipated through wheel 
and brake shoe. 

Brake Shoe Objectives—Very high retarding 
forces applied at the wheel tread are held responsible 
for much of the expense involved in car wheel 
removal, both for condemning tread defects and 
for restoring tread contour. If it were possible to 
design a brake shoe of unconventional form, 
affording high heat conductivity and providing 
means for rapid heat dispersion into the atmosphere, 
wheel treads would be relieved of some part of 
the heat which they are now compelled to receive. 
It has long been observed that a pronounced 
thermal gradient is set up in the standard cast iron 
brake shoe at least as steep in its characteristics 
as that which causes the development of thermal 
cracks in wheel treads. The cooling of cast iron 
shoes by experimental jacketing has proven 
ineffective and the first requirement, if the existing 
condition is to be corrected at this location, must 
reside in the selection of a metal of high heat 
conductivity and the provision of ample radiating 
surface, sacrificing none of the cardinal charac- 
teristics of coefficient of friction and abrasion 
resistance now available. No such brake shoe 
has yet been developed. 

Non-Metallic B; Shoes.—Another brake shoe 
material for railway service, limited in its appli- 
cation to date, is well reported by those most 
familiar with its use on American railways. It 
is the composition brake block, borrowed from the 
automotive industry and moulded to forms suitable 
for insertion in recesses provided in the pressure 





plates. Asbestos base, composition shoes are 
commonly substituted for cast iron shoes and 
are similarly shaped for application on some 
European Continental railways, pressing against 
wheel treads after the manner of familiar American 
practice. When used in this country, they have 
been restricted to association with the disc type 
of axle brake, since the weight of domestic railway 
equipment and its conventional braking ratios 
are such that limiting unit pressures would be 
exceeded if they were allowed no greater area than 
the tread of the standard car wheel of 33in. or 36in. 
diameter, and practicable shoe length, provide. 
Composition brake blocks may be made up to 
produce frictional characteristics of almost un- 
limited variety. Since it is most advantageous 
that the coefficient of friction be maintained at a 
constant value throughout the duration of a stop, 
insensible to heat and pressure variation, compo- 
sition brake shoes have been designed to provide 
this quality and with marked success. The 
variation reported as a result of tests, conducted 
both in the laboratory and in train service appli- 
cations, indicates a slight and relatively’ uniform 
reduction in the effective frictional characteristic 
as the stop progresses, a most unusual behaviour 
as viewed by one accustomed to the rapidly rising 
coefficient of cast iron shoes as speed is arrested, 
and one greatly to be preferred in its influence 
upon passenger comfort and the tendency to cause 
wheel sliding. The success of the composition 
brake block in its competition with metallic 
forms will doubtless depend upon the ultimate 
favour of the axle brake, the relative initial costs of 
composition and metal forms, and the relative 
costs for maintenance. 

Brake Equipment Essentials—Whatever form 
the mechanism for transforming the friction of 
rubbing contact at wheels or axles into train 
retardation may assume, no necessity will be met for 
altering the pneumatic control apparatus as long 
as: first, the metering of pressure is reliable and 
sensitive ; second, the effect is secured through 
deyices which act in perfect harmony one with 
another ; third, the valve functions are independent 
of normal ranges of atmospheric temperature 
encountered in quick transfer over the length and 
breadth of the country from one boundary to 
another ; fourth, maintenance costs are low ; and, 
fifth, the servicing of the brake does not interfere 
with the attainment of a high degree of car 
availability. These necessities are met in the 
devices in common use. 

Conventional Brake Capacity.—American railway 
train speeds increased to present levels without the 
benefit of a domestic adaptation of the axle brake 
in either its supplementary disc or drum form. 
There is still no datum whereby it is possible to 
judge its ultimate popularity. There are probably 
a thousand passenger train cars operating daily 
within the boundaries of the United States at 80 
m.p.h. or more and maintaining this speed over 
long distances. Yet less than a dozen of these 
cars are equipped with any type of axle brake. 
The inclining forward, year by year, of the top 
speed level was accomplished without limitation 
imposed by brake effectiveness. To control these 
speeds, brake shoes were pressed harder against 
the wheels and held for a longer time. If stopping 
distances, extending beyond fixed signal spacing, 
were judged preferable to the installation of a 
higher capacity brake, the signals themselves were 
relocated with consequent interference with the 
efficient use of the track for slower moving traffic. 
It was not that the pneumatic brake components 
could furnish no higher braking effort; rather, 
the limit was found in the capacity of the appli- 
cation linkage and truck attachments to sustain 
higher forces. With this overcome, it was the 
flexibility of the brake equipment which yielded 
to new developments, not the inability of current 
designs to deliver greater quantities of air at 
higher pressures. As faster schedules called for 
more precise techniques in the location of track, 
layout of spirals, selection of superelevation on 
curves, and the rate-of its run-off, so did they 
quickly search out those details of railway equip- 
ment which, rugged enough and properly adapted 
to accustomed requirements, proved to be inade- 
quate for the more rigorous service into which 
they were removed. Brief mention has been 
made of car wheels and their vulnerability to 
temperature effects. Their performance in break- 
down has been carefully observed. 

Wheel Defects—For reasons other than normal 
wear at treads and flanges, wrought steel wheels 
are most frequently removed from cars for slid 
flat spots, thermal cracks, and shelled out areas. 





Slid Flat Wheels.—The possible causes of slid 





flat spots are obvious. To form them, it is only 
necessary that the drag of the brake shoes exceed 
the pull at the rail. A lin. flat spot condemns a 
wheel in passenger train service. Some railways 
are individually more exacting. Most efficient 
braking—the attainment of the shortest possible 
train stops from any initial speed—can then be 
accomplished only when each pound of adhesive 
weight is locally accompanied by its proportionate 
measure of retarding effect. A condition more 
disturbing to brake engineers than the search for 
improved overall brake performance in the fact of 
lightly braked steam locomotives, oftentimes 
weighing nearly as much as the loaded cars which 
they haul, would be hard to conceive. 

Thermal Crack Theory.—Various explanations 
have beerf offered for thermal crack development 
after the manner in which it appears in car wheel 
treads. Fatigue effects, arising from repeated 
heating and cooling cycles, have been held re- 
sponsible. Others attribute, as a common cause, 
propagation of an internal defect, just as a trans- 
verse fissure in a rail head may originate with a 
microscopic shatter crack. Thereisone explanation 
which seems to coincide with a number of observed 
phenomena. No one can dispute the rapid energy 
input to wheel treads in the process of braking. 
Metallurgists interpret the martensitic tread 
structure, sometimes observed in wheels which 
have been subjected to severe brake duty, as 
evidence of surface temperatures reaching 1500 deg. 
Fah. This martensitic shell is often of scarcely 
measurable depth, seldom extending as much 
as sin. into the wheel rim. All this is indicative 
of the tremendous temperature difference es- 
tablished between the rim surface and the metal 
within the body of the rim. There is then present 
an impelling tendency for the highly heated ring 
of metal to expand into a larger circle. The trans- 
formation from austenite to martensite is, in itself, 
associated with an increase in volume. In this 
state, the metal is firmly held as to form and 
dimensions by the cooler rim portion beneath and 
the force is uniformly impressed throughout the 
length of the wheel circumference. The result is 
locally expanded regions, uniformly distributed 
around the wheel, a series of ripples on the tread 
which forms alternate elevations and depressions 
to relieve imprisoned stress conditions. The 
elevated areas then receive a large part of the brak- 
ing forces due to the higher pressures obtaining, 
higher temperatures are localised, and the elastic 
limit of the metal is exceeded. As the braking 
force is withdrawn and the wheel is cooled, the 
more moderately heated rim portion returns 
to its original state, carrying with it the ribbon of 
tread which has been overheated and slightly 
corrugated, and whose surface structure has been 
transformed and in its new and unstable state is 
hard, brittle, under internal stress, and poorly 
adapted to receive shock load. The tread metal 
cannot follow the metal underneath as the latter 
recovers its original dimensions on cooling. Its 
normal heating-cooling cycle has been disrupted by 
overheat, breakdown of physical properties, and 
transformation of structure. Cracks occur. This 
is definitely a theoretical sequence. It offers 
explanation of a sufficient number of observed 
factors to warrant reasonable credence. The 
corrugated tread theory would account for the 
uniformly spaced spots of welded brake shoe 
material which are commonly seen adhering to the 
tread as the result of heavy braking from high 
speeds. Thermal cracks are reported to develop at 
locations occupied by welded metal spots indicative 
of highest internal stress with respect to the physical 
strength of the metal. Both surface welding of 
brake shoe metal by molten deposit and rail 
pressure, and the origin of thermal cracks at the 
same locations, suggest the existence of locally 
heated areas. These could readily develop in a 
corrugated tread surface—with undulations regu- 
larly spaced. They would scarcely be expected in 
a true, circular rim surface. 

(To be continued) 





War OrpeErs 1n CanapA.— During the first year of the 
war the British Government, through the Ministry of 
Supply and other purchasing departments, is spending 
£89,000,000 on buying war materials and other supplies 
in Canada. According to a statement made by the 
British Supply Board, orders amounting to some 
£14,000,000 have already been placed with Canadian 
firms. It is expected that contracts aggregating a further 
£3,400,000 will be awarded very shortly. This total of 
£17,400,000 is being used almost exclusively for the 
purchase of finished products, including munitions and 
other manufactured material required for war purposes, 
deliveries of which will extend beyond the first year of the 
war. The figure for munitions included in this total will 
be about £15,000,000. 
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Electrical Supply Equipment at a 
Wireless Works 


RECENT extensions to plant and buildings at the 
Ilford works of the Plessey Company, which are 
mainly engaged in the manufacture of component 
parts for ordinary wireless and television equipments, 
have involved electrical work carried out by Crompton 
Parkinson, Ltd. Switchgear with a rupturing 
capacity suitable for dealing with the fault kVA 
associated with the supply company’s system has 
been installed and synchronous condensers have been 
provided to raise the power factor. 

The duplicate 6000 volt three-phase 50 cycle 
feed is controlled by Crompton Parkinson metalclad 
compound filled switchgear with a rupturing capacity 
of 200MVA. An E.H.T.ringmain onthe premises feeds 


element which when the power factor is at the re- 
quired value is in a neutral position. If owing to a 
change in load the value varies a torque is exerted 
by the element which causes auxiliary circuits to be 
made, and the movement of the shunt field regulator 
of the synchronous condensers causes the output to 
be changed in such a direction that the correct value 
of power factor is maintained. By a semi-adjustable 
resistance any predetermined value of power factor 
within the range of 0-6 lagging and unity can be 
automatically controlled. 

On the third sub-station the most recent load has 
been that demanded by an 80 H.P. air compressor 
and an auto-synchronous motor designed to run at 
0-8 leading power factor has been chosen as the most 
suitable unit to assist in maintaining the required 
power factor on this feeder. 

The. control gear of this machine consists of a 








smaller, and six forward and two reverse speeds in 
the two larger models are provided by a selective 
type of transmission, which in combination with a 
variable-speed engine governor makes possible the 
close selection of correct speed, and economical use of 
power on numerous types of loads from slow, heavy 
pulls or pushes to fast return hauls. 

The engine of the TD—18 has six cylinders and the 
engine of each of three smaller models four cylinders, 
all being of the four-cycle, full-Diesel type. Cylinder 
sleeves are replaceable. A well-ribbed and braced 
engine block, cast of alloy iron, forms a housing for 
the working parts of each engine. The crankshafts 
are drop forgings of alloy steel. In addition to usual 
heat treatments, every crankshaft is Tocco hardened. 
This treatment is a high-frequency electrical induction 
process which provides file-hard bearing surfaces, while 
the rest of the shaft retains its ductility and toughness. 





LOW TENSION SWITCHBOARD 


three sub-stations by means of “A” type ring main 
units of the same make. The metalclad gear 
designated type “‘ M.C.A.”’ has been tested up to its 
rated capacity and proved to be suitable for inter- 
rupting the circuit. With vertical isolation, the 
equipment is mechanically interlocked to give 
complete safety during operation and overhaul and 
arrangements are made for earthing the incoming 
cables during internal adjustments. 

In each of the three sub-stations there are two 
500 kVA transformers made by the British Electric 
Transformer Company for supplying the works feeders 
at a pressure of 400 volts. Crompton metalclad 
industrial type switchgear having a breaking capacity 
of 25 MVA controls the output of each transformer 
and is connected through an 800 ampere unit to the 
sub-station low-tension busbars, which give a supply 
to similar “‘ Klad A’”’ switches, arranged in line to 
form a neat switchboard to control the output 
of the various work’s feeders. The rating of the last- 
named switches varies between 600 amperes and 800 
amperes. They are illustrated herewith. 

In two of the sub-stations an extra switch unit is 
included in the board to act as the stator switch and 
to provide protection for a 250 kVA synchronous 
condenser. Interlocks on each of these switches 
make it impossible to start the synchronous condensers 
when these starters are in the incorrect position. 

Owing to the great expansion at these works during 
the past few years, a large number of machine tools 
have been installed and, in accordance with modern 
practice, the individual drive has been adopted, 
necessitating the use of many hundreds of squirrel 
cage motors, with outputs between 1 H.P. and 10 H.P. 
In most cases standard Crompton Parkinson foot- 
mounted machines are used, arranged for Vee rope 
drives to the various machines. 

To comply with the requirements of the supply 
company, the power factor had to be raised to 0-85 
lagging and after careful consideration had been 
given to the various methods of power factor im- 
provement, it was decided to use synchronous 
condensers with automatic control. To obtain the 
required power factor at the point of metering on 
the supply company’s high tension board, it was 
necessary to obtain a figure slightly better than the 
value mentioned at each of the three sub-stations. 
The desired result is obtained by two 250 kVA 
synchronous condensers in the first two sub-stations 
and by a Crompton auto-synchronous motor in the 
third sub-station. To prevent an undesirable leading 
power factor under any condition of loading, auto- 
matic control is provided by Whipp and Bourne 
regulators on the two synchronous condensers. The 
total corrective capacity to maintain the required 
power factor at maximum loading conditions is pro- 
vided by all the synchronous machinery and under 
average conditions a small margin is available. 

The automatic regulators consist of a wattmeter 


| combined stator and rotor starter such as might be | 
used in a slip ring induction motor of equivalent rating. | bone for each model. 
In addition there is a control panel carrying an | 
excitation regulator and a moving-coil ammeter to | clutch, each steering brake, track-frame assembly, 
give an indication of the degree of correction. A second | 


engraving shows some of the power factor control gear. 





Oil-Engined Crawler Tractors 


THE smallest of three new models of oil-engined 


Company, forms the subject of an sccompanying | 
engraving. This machine, known as the TD-6 | 
‘** TracTractor,” together with two larger models, 
TD-9 and TD-14, and the TD—18 model introduced | 
about a year ago, forms a range of tractors with draw- 
bar horsepowers from 30 to more than 70. In 
accordance with the company’s usual practice all the 
oil-engine-driven models are provided with petrol 
starting, the engine being run on diesel fuel after 
about one minute’s operation on petrol. 

Five forward and one reverse speed in the two 


crawler tractors, made by the International Harvester tions 


CONDENSER, LIQUID STARTER AND POWER FACTOR CONTROL PANEL 


A heavy, one-piece main frame forms a rigid back- 
Assembly of parts is by the 
unit system, by which engine, radiator, each steering 


and other parts can be adjusted or replaced without 
disturbing adjacent parts. All working parts operate 
in separate dust-proof and ‘watertight compartments, 
some in oil baths and others dry. 

The previous successful track frame and stabiliser 


| design is now standard on all International tractors. 


: | 


This construction is claimed to assure free oscillation 
and positive alignment of the tracks under all condi- 
; maximum track-to-ground contact, permitting 
higher travelling speeds ; and easier handling of the 
tractor. Track frames are attached to each other in 
such a way as to form a sturdily braced rectangle, 
which prevents tracks tilting or toeing in or out, 
eliminating misalignment and excessive wear. Free 
track oscillation is obtained by pivoting the track 
frames on ball-and-socket joints on the rear axle, 
which eliminates leverage loads being applied to the 
axle shaft by the track frames. 

Other notable points in the design include a clutch 
with low-inertia driven members and automatic 
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clutch brake for fast gear changing; adjustable 
steering levers and pedals to suit operator; track 
shoes keyed to track links to eliminate loosening of 
shoes ; full-pressure engine lubrication at all working 
angles by multiple-gear oil pump; _ thermostat- 
controlled centrifugal pump cooling system; and 
sealed track rollers to keep out dirt. Each tractor is 
available in two treads. Track shoes are available in 
a variety of sizes and types. 





An Electrically Driven Scraping 
Machine 


WE illustrate in the accompanying engraving a 
new machine, the Anderson power scraper, put on 
the European market by Gaston E. Marbaix, Ltd., of 
Humglas House, 22, Carlisle Place, London, 8.W.1. 
It is designed to perform scraping operations on 
bearings and the like in much the same way as 
the familiar hand-scraping tools, but, by reason of 
its power drive, in a much more speedy manner. 
The control of the machine is by hand and is claimed 
to be as natural as using a hand-scraping tool, but 
eight times as fast. 

As is made clear in the engraving, the machine 

















SCRAPING MACHINE 


is mounted as a complete unit on a heavy pedestal 
base. Power to drive the scraper ram is supplied by 
a } H.P. electric motor, which can be connected to any 
convenient source of supply. Mounted alongside the 
motor is a Westinghouse “‘ Sentinel ”’ circuit breaker, 
for the purpose of automatically shutting off the 
electric current should the motor be overloaded. 

The machine is designed to be easily transportable, 
with the object of being able to move it to the work 
to be done. Within the pedestal base is mounted an 
elevating truck, which is operated by a simple 
forward movement of the lowermost lever shown in 
the engraving. When the machine is in this raised 
position, it can be easily moved ; a reverse movement 
of the lever sets it back on its base. Alternatively, 
when crane facilities are available, the complete 
machine can be lifted by the yoke joining the twin 
scraper ram supports ; its weight is about 775 lb. 

Raising and lowering the scraper ram is effected 
by a lever, so that the angle of the ram can be 
regulated, and consequently the “‘ bite ’’ of the scraper 
blade on the bearing surface. The scraper ram itself 
is 6ft. long, but the stroke can be varied from a 
fraction of an inch to 4$ft. These adjustments, it is 
claimed, make the machine nearly as flexible as a 
hand-scraping tool. In use, the operator grasps the 
ram by a cylindrical ‘‘ handle” with the right hand, 
which controls the stroke and direction of movement 
of the ram, and the left hand is used to guide the 
blade. When a forward pressure is applied to the 
handle, a forward stroke is started at the rate of 
60ft. per minute. Only one-sixteenth of an inch 


forward movement is required, we are informed. 
Similarly, a reverse action causes the ram to return, 
at the rate of 90ft. per minute. Any stroke can be as 
short or as long as the operator desires. The depth 
of the cut is regulated by the pressure of the left 
hand on the blade. This so-called “‘ natural control,” 
we are assured, enables the operator quickly to learn 
to control the machine. 

Contained in a housing on the side of the machine 
directly opposite the motor is a scraper blade grinder, 
furnishing a speedy means of resharpening worn 
blades, which can be quickly removed from the 
scraper holder. The scraper ram, operating clutch, 
power drive and driving motor are assembled on a 
ball-bearing mounting on the main pedestal. A tool 
shelf, incorporating a handle for pulling the machine 
about, projects from the pedestal. 





Power Take-Off and Pulley Unit 


THE power take-off and pulley unit which is 
supplied for the tractor made by David Brown 
Tractors, Ltd., of Meltham, when a hydraulic unit is 
not required is illustrated in the accompanying 
réproduction of a photograph. This unit has been 
designed on the robust lines which characterise the 
whole tractor. The operating lever is conveniently 
placed and has three positions :—Neutral, when both 
power take-off shaft and pulley are inoperative ; 
power take-off shaft alone in action; power take- 
off and pulley in simultaneous operation. 

This unit is a self-contained auxiliary which can be 
attached or dismounted in a few minutes by an 
operator who has no mechanical skill and it is claimed 





TAKE-OFF AND PULLEY UNIT 


POWER 


to be absolutely fool-proof. All the components are 
of generous proportions and the factor of safety has 
been further supplemented by the use of heat-treated 
alloy steels for both the spur reduction gears and the 
bevel gears which give the right angle drive for the 
pulley. The method of mounting the pulley is 
worthy of particular comment as it incorporates a 
sturdy snout which supports a bearing right under 
the point of maximum loading, thus avoiding the 
high stress and fatigue which obtain in shafts subjected 
to combined bending and twisting moments. At the 
same time it keeps the bearing load at a minimum. 
A standard spline has been adopted for the power- 
take-off shaft extension so as not to require special 
adaptor couplings to permit the use of existing attach- 
ments. Lubrication arrangements are simple and as 
oil leakage has been obviated, no servicing or attention 
is required beyond the periodic verification of the oil 
level. The power take-off has been designed to run 
at 555 r.p.m. and the pulley at 960 r.p.m. with a 
governed engine speed of,1300 r.p.m. The pulley is 
6in. wide and the diameter is 10in. which gives a belt 
speed of 2500 feet per minute. 





Steel Plant Expansion in Canada 





Wirth its plant at Malton, Ontario, already 
turning out two complete aircraft per week for the 
Canadian Government, rapid progress is being made 
by the National Steel Car Corporation, Ltd., in the 
erection of two additional units which are scheduled 
to come into operation early this year. These two 
new erecting aisles will have the effect of increasing 
capacity two and a half times. The plant now in 
operation already represents more than double the 
capacity of the original unit, which was completed in 
1938 at a cost of slightly over 600,000 dollars, the 
first addition having been finished last spring at a 
cost of about 500,000 dollars. The total aircraft 
investment, when completed, will involve in the 
neighbourhood of 2,250,000 dollars. Expanded 
along these lines the aircraft division will constitute 
a major adjunct to the company’s plant at Hamilton, 
which has now been raised to a higher efficiency by 





the additions and improvements completed some 


A Low Density Material for Aircraft 
Structures* 
By V. E. CLARK.}{ 


WHEN the all-metal cantilever monoplane brought 
to a close the era of wood, tubes and fabric for aero- 
plane structures the new development opened up 
broad fields for the improvement of aerodynamic 
efficiency, with resulting great increases in all- 
round performance, military effectiveness and 
economy of operation. 

The all-metal fuselage represented a new type of 
construction in that the skin formed a shell to replace 
trusses in carrying the bending loads imposed at the 
tail in flight and on the ground. The scheme of using 
a shell to give—at once—structural strength and 
aerodynamic fairing, previously accomplished by two 
elements, appears to be economical and sound. If 
the labour now needed for the fabrication and 
assembly of the multiplicity of internal members is 
to be eliminated the stresses must be taken in the 
skin and the principle should, if practical considera- 
tions permit, be extended to include the wing and 
fixed tail units. 

The material used for the reinforced monocoque 
fuselages has been aluminium-copper alloy sheet so 
treated as to have favourable relationship between 
tensile strength and specific gravity. 

We know that a structure designed to resist bending 
must be capable of taking stresses in compression 
on one side and in tension on the opposite side. In 
almost every important region in aeroplane fuselages 
and wings the critical consideration for structural 
design is the ability to resist stresses in compression. 
Thin sheet is inherently an inefficient medium for this 
purpose. A plate in which the ratio of length in the 
direction of the applied compressive load to the 
thickness of the plate is high, buckles under com- 
pression and, after buckling, is incapable of supporting 
a load of any magnitude. The deflection in buckling 
under a given load varies inversely as the elastic 
modulus of the material, and by the basic theory of 
moment of inertia, roughly, inversely as the cube of 
the thickness of the material. Hence, duralumin, with 
specific gravity 2-8 and Young’s modulus 10,400,000 
lb./square inch, has, in the form of an unsupported 
thin plate of given weight per unit area, 7-65 times 
the buckling stiffness of a plate of steel having specific 
gravity 7-85 and elastic modulus of 30,000,000. The 
elastic modulus is important, the thickness very 
important, and the strength of material is of practically 
no importance. The superiority of duralumin over 
steel under such conditions is due primarily to its 
comparatively low density which permits, roughly, 
three times the thickness for the same weight per unit 
area. 

And yet the specific gravity of duralumin is so high 
and the thickness of shell so small, for reasonable 
weight, that the skin must be supported against 
buckling under compression by reinforcing stiffeners. 
These are attached inside the shell by rivets in sufficient 
number to ensure that each stiffener in combination 
with the adjacent skin will support a proper share of 
the load. Closely spaced rivets are also necessary for 
attaching transverse frames to the skin and to the 
longitudinal stringers referred to, and also along the 
joints of the adjacent duralumin panels which are, 
when assembled, of comparatively small length and 
width, and hence many in number. 

Through the development and use of such pro- 
duction equipment as zinc alloy dies used with air 
drop stamps, for forming sheet where shrinking is 
required ; heavy hydraulic presses with rubber pads 
for parts which do not require shrinking ; the use of 
air power vertical spindle radial arm routers for 
cutting and finishing the edges of many sheets at one 
time; the elimination of the necessity for heat 
treating or ice preservation of small rivets; the 
substitution of electric spot welding on non-structural 
parts ; better jigs and fixtures and the use of radial 
air swinging-arm drills for gang-drilling rivet holes ; 
together with great ingenuity in the engineering 
layout department to throw a greater and greater 
proportion of riveting to the bench and less and less 
on assembly; our manufacturers have gone far 
toward reducing the time, and labour cost, of pro- 
duction of the all-metal aeroplane. 

Nevertheless, some of us became convinced a few 
years back that, even assuming that high strength 
aluminium products could be made available in 
sufficient quantities and at reasonable cost, any type 
of structure which demanded such a multiplicity of 
reinforcing parts and so many thousands of rivets did 
not constitute the best final answer for rapid and 
inexpensive production. Regardless of cost, and 
even assuming an unlimited number of skilled work- 
men, it seemed to be a physical impossibility to find 
sufficient space around aeroplane assemblies for men 
to work, to ensure rapid production. ; 

We became pretty thoroughly convinced that a 
war might progress so far against us that a large 
percentage of our aeroplane factories, located as they 
are, might be incapacitated before we could turn out 
enough aeroplanes for pilots’ training, to say nothing 
of those for military operation. 





* Paper read before the World Automotive Engineering 
Congress of the Society of Automotive Engineers, 1939. 
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Now all these stiffeners and all these rivets are 
necessary because the metal shell is so thin, for 
reasonable weight, that it cannot support stresses in 
compression without them. A thicker shell, perhaps 
one four or five times as thick, might be sufficiently 
stable against buckling, without reinforcing stringers 
to gain some of the real strength of the material. 
Of course, if the weight of the shell is to remain about 
the same, the density of the material must vary 
inversely as the thickness and, for proper structural 
integrity, the elastic modulus under compression, 
and the tensile strength, must be satisfactory. 

But where to find such a material ? 

Certain synthetic resins in solid form, such as 
those of the phenol-formaldehyde family—bakelite— 
reinforced during the moulding operation by fabric, 
cord or other media, have been considered. The 
density (S.G. 1-37) is so high that the shell wall is 
too thin without additional reinforcements. The 
elastic modulus in compression is too low, 600,000 
Ib./square inch. The material flows, creeps and 
takes permanent deformation under heavy stresses. 
In some forms it tends to become brittle at very 
low temperatures. Moulding units of such nature as 
to ensure accurate uniform thickness of a shell the 
length of an aeroplane fuselage might be prohibitively 
expensive, if not impossible, and hence a fuselage or 
wing shell would have to be assembled from a number 
of small panels. 

Moulded vulcanite, expanded under heat to allow a 
multiplicity of nitrogen bubbles to form—a process 
analogous to that of the working of yeast in bread 
dough—has been suggested. It seemed possible to 
obtain a density perhaps as low as 0-1 with such 
material. Because of great thickness (“ bulk ”’) 
buckling troubles would disappear. However, we 





controlled within 3 per cent. +, within a range from 
0-5 to 0-9, has been developed. Within this range, 
the strength and elastic modulus vary, roughly, as the 
density. In its final form this material is sufficiently 
non-hygroscopic and free from attack by fungi or 
moulds and other kinds of deterioration to answer all 
practical requirements of aeroplane service operation. 

Specimens, having ratio of edge area to total area 
thousands of times as great as the ratio that exists 
in aeroplane shells, show an increase in weight of less 
than one per cent. after seven weeks of complete 
immersion, with negligible change in dimension, no 
deformation, and no change in physical characteristics. 

Duramold is not isotropous, as is shown in the 
following table (Table I) which gives a few of the 
important physical characteristics of Duramold in 
four of its many forms. 

The anistropy of Duramold is not a disadvantage 
from the practical structural standpoint. In a 
cantilever wing, or in a fuselage, the maximum stresses 
in compression and in tension, in a spanwise direction 
for the wing, and in the direction of the axis of the 
fuselage, in the regions farthest removed from the 
neutral axes in bending, are of many times the 
magnitude of the stresses in a direction normal to 
these axes. 

In resistance to fatigue—based on allowable stress 
—for equal weight per unit area—Duramold is about 
50 per cent. better than 17 ST Duralumin. 

Having no hysteresis within the proportional limit 
which, in tension, is practically the same as the 
ultimate strength—there is no creep. 

It will be noted that the specific tenacity of Class I 
Duramold is about the same as that of 202,000 pound 
steel. However, this is not of great practical im- 
portance inasmuch as the density of the material (in 


Taste I.—Values (approximate) given in following table are in pounds per square inch divided by (1000 x specific gravity of material)- 








Type of Duramold Direction of applied load Tension Compression Fouts — 
. and C. 

I Optimum... ... 25-75 13-95 3060 

I 90 deg. to optimum 4-72 7:70 714 

II Optimum... ... 22-73 13-03 2730 

i 90 deg. to optimum 7-75 8-60 1053 

lI Optimum... ... 19-69 12-08 2380 

Ill 90 deg. to optimum 10-80 9-51 1395 

IV Optimum ee 16-75 11-22 2040 

IV 90 deg. to optimum 13-87 10-40 1732 

















Shear (optimum) 10-4 


have yet to learn of such a material having reasonable 
strength, elastic and durability properties. It is like 
balsa wood. 

Wood in simple, laminated and “‘ plywood ” form 
had been used throughout the world in aeroplane 
structures and found to be utterly unsatisfactory. 
Under various and varying climatic conditions wooden 
parts suffered from shrinking, swelling, warping, 
honeycombing, waving, sogginess, peeling of layers of 
veneer, separation of glued joints, checking, splitting, 
increase in weight and from rapid and serious de- 
terioration from dry rot, various kinds of mould and 
other kinds of attack by fungi, bacteria, ants, ter- 
mites, &c. In simple form wood is not a homo- 
geneous material, and unless prepared in such way 
as to permit complete inspection we could never be 
sure of freedom from imperfections and of uniformity 
as to mechanical characteristics. 

However, certain species and grades of healthy 
straight-grained wood, because of the fine natural 
cellular structure, have very favourable relationshp 
between tensile strength and specific gravity— 
excellent elastic properties permitting the material 
to be stressed almost to the point of rupture without 
permanent deformation—the material is inexpensive, 
and it is of low density. 

Having in mind the paramount value of this last 
characteristic we felt, even after bitter experience 
with wooden aeroplanes across so many years, that if 
some method could be devised to inspect the material 
thoroughly—to insure uniformity in characteristics— 
and to preserve the fine natural, initial properties 
against deterioration or change in dimensional form, 
without material increase in density, we would have 
at least one answer to the problem. By far the most 
difficult part of the problem has been that of preventing 
absorption and desorption of moisture in various and 
varying climates, and the prevention of attack by 
moulds or fungi. The basic answers to the problem 
came from the Bakelite Corporation and the Haskelite 
Corporation. It is comparatively easy to insure 
uniformity by proper inspéction and lamination of 
the wood in thin veneer form. 

Several attempts, some apparently quite successful, 
have been made elsewhere to reduce the hygroscopic 
characteristics of plywood and laminated. wood to 
such a degree as to ensure against unreasonable taking 
on and giving off moisture, with resulting change in 
physical characteristics, weight and dimensional form. 
These, however, were accomplished by such increase 
in density as to defeat the primary objective—the 
development of fuselage and wing shells sufficiently 
strong and rigid without a multiplicity of additional 
reinforcements. The augmentation of the elastic 


modulus has yet to approach the increase in the square 
of the relative density. 

A material which we have.named “ Duramold,” 
having specific gravity which may be accurately 


an unreinforced shell) and the elastic modulus are the 
only characteristics which enter into the structural 
design calculations of almost all the critical parts of 
wing and fuselage shells. 

When considering monocoque structures—inas- 
much as strength in compression is of such importance 
—the strength of a round cylinder under compression 
loads parallel to the axes of the cylinder is a valuable 
index. For purposes of comparison George Allward, 
our chief engineer, has calculated the strength of four 
cylinders of different types of construction. In all 
cases the diameter is 60in., the weight per foot run is 
constant, and the spacing between transverse frames, 
or rings, is 30in. The basis for comparison is a smooth 
skin aluminium alloy (17ST) cylinder with skin 
0-032in. thick reinforced by “ flanged Z ” longitudinal 
stringers jin. by }in. by 0-050in. with spacing of 6in., 
giving a total stiffener area of 3-23in. He calculates 
that such a reinforced metal cylinder would support 
a load of 63,000 lb. An unstiffened aluminium alloy 
cylinder (of same weight per foot run) would support 
30,000 Ib. A cylinder of reinforced synthetic resin 
(bakelite with fabric or cord) would support 8000 Ib. 
A Duramold cylinder of type between Classes II and 
III will support 113,000 lb.—14-1 times as much as 
the plastic cylinder and 80 per cent. more than the 
reinforced duralumin cylinder. 

It has been noted that the public press calls an 
aeroplane which has been undergoing service tests 
for a year and a half, the fuselage of which is of Dura- 
mold, a “‘ plastic ’’ aeroplane. I would refuse to fly 
in one such. I should require, of the material from 
which the vital structural parts are formed, a reason- 
able degree of resistance to flow, a proper ratio of 
elastic modulus to density, and no permanent deforma- 
tion under severe loads. 

The material will not support combustion and, for 
given weight per unit area of shell, will support loads 
after a fire many times better than duralumin. How- 
ever, this is of little practical importance. It is 
usually the fuel fire which does the damage. 

It is not subject to corrosion. 

The energy absorbing characteristics are excellent 
and the damping of vibration is about five times 
better than that of metal. 

The finished external surfaces are smooth, and 
calculations, based on wind tunnel tests at fairly 
high Reynolds number, indicate that, for a high speed 
aeroplane having fuselage, wings and fixed tail units 
of Duramold in the order of 25 per cent. less power 
will be required at that given high speed than for an 
all-metal aeroplane with projecting rivet heads, 
lap joirits, and the inevitable waves and wrinkles 
which are present in flight and/or after service in an 
all-metal aeroplane. 

Duramold has been tested against sharp tempera- 
ture changes. Panels were soaked in water for two 





hours at a temperature of +140 deg. Fah. and 


immediately put in an atmosphere of —70 deg. Fah. 
During and after repeated cycles there was no sign 
of weakening or deleterious change. The same tests 
were made with dry panels with similar results. 

While no icing conditions have been encountered in 
flight Duramold, because of extreme smoothness and 
its characteristics of absorbing and desorbing heat 
very slowly, and its high heat insulating properties, 
should be safer than metal. 

The material is not, of course, suitable for such 
parts as landing gears or control systems. With 
proper tooling the capacity in the United States for 
production of such parts in machine shops and 
foundries has no immediate limit. Neither is it 
proposed, at the present time at least, that it be used 
for elevators, rudders, ailerons, cowling and fairing 
pieces. Non-structural parts which do not demand a 
multiplicity of riveted remforcements may be stamped 
out rapidly from duralumin. 

It is suggested, however, that the “‘ neck of the 
bottle ” in rapid production lies in those parts which 
require so many rivets——fuselages, wings and fixed 
tail units; and it is for these parts that Duramold 
may be substituted, thereby not only affording great 
reduction in production time and cost, but also 
releasing the workmen, now used for these parts, for 
other activities. 

Concurrently with the development of the material 
and of the technique and apparatus for producing 
Duramold parts it has been necessary to evolve new 
principles of structural design in order that the 
material may be disposed and utilised in the most 
effective manner. 

Unfortunately, details regarding the basic materials, 
process and apparatus may not be divulged at this 
time. Bakelite in various forms plays a large part. 
Certain delicate combinations of heat, pressure, time, 
and thermo-setting resins are essential. There is 
practically no change in moisture content throughout 
the moulding operation. A complete half-shell of 
length up to 40ft. and area up to 500ft. may be 
formed, with smooth, permanent, simple or compound 
curvature, in the same quick and simple operation as 
that which permanently unites the various basic 
elements of the shell. 





BRITISH STANDARDS INSTITUTION 


All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria Street, 
London, S.W.1. The price of each specification is 28. 3d. post 
free, unless otherwise stated. 





FLUORESCENT AND PHOSPHORESCENT PAINT 
FOR A.R.P. PURPOSES 

(B.S./A.R.P. 18).—This specification was prepared by a 
Joint Committee of the Illuminating Engineering Society 
and the A.R.P. Department of the Ministry of Home 
Security, and was submitted to the B.S.I. for publication. 
The specification covers fluorescent and phosphorescent 
paints having a maximum brightness of 0°01 equivalent 
foot candle. A method of testing brightness is included. 
It is realised, however, that measurement of brightnesses 
of the order of 0°0001 equivalent foot candle by the method 
indicated, may be difficult for laboratories not specially 
equipped for this work, and the Committee is therefore 
endeavouring to provide a simple form of brightness test 
which, when completed, will be issued as an addendum 
to the specification. A preliminary draft of this simple 
form of test is available for comment on application by 
anyone interested, although it must be rstood that 
it cannot be regarded as a standard test until published as 
such. Copies of the specification can be obtained from 
the British Standards Institution, Publications Depart- 
ment, 28, Victoria Street, London, 8.W.1. Price 6d. each 
(post free 8d.). 


MEASUREMENT OF HIGH VOLTAGES 


(B.S. No. 358).—A new British Standard dealing with 
the use of sphere-gaps for the measurement of high- 
voltages has just been issued. This Standard supersedes 
and extends the rules presented in the 1929 edition of 
B.S. 358. The rules and calibration tables have been 
prepared by the British Electrical and Allied Industries 
Research Association after a study of available data and 
of work specially undertaken to clear up doubtful matters. 
The available experimental figures from all sources were 
given due weight and smoothed by means of curves based 
upon known relations between the various parameters. 
The tables given in these rules have received a large 
measure of international approval, and at a meeting of 
the Sphere-gaps Sub-Committee of the International 
Electro-Technical Commission held in Paris in July, 1939, 
it was agreed that those countries which proposed to issue 
National Standards based on these tables were recom- 
mended to do so with the addition of a note to the effect 
that the figures in the tables may differ from the final 
I.E.C. values by an amount not exceeding 1°5 per cent. 
The tables are nevertheless considered by the Electrical 
Research Association to represent the most probable 
values of breakdown voltage for given sparking distances 
between the standard spheres. Line diagrams are 
included, and these have been prepared to enable the 
calibrations and interpolations to be made rapidly and with 
an accuracy adequate for normal practice. 





HARD DRAWN AND ANNEALED SEAMLESS BRASS 
TUBES 

(B.S. 885, B.S. 886).—These specifications form part 

of a series of British standards for non-ferrous metal and 

alloys and were drawn up as a result of a request from the 

Air Ministry and the Society of British Aircraft Con- 

structors for a specification of more general applicability 





than those at present in use. 
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Markets, Notes and News 


The prices quoted herein relate to bulk quantities. 


Imports in April 

The Board of Trade returns for April show that 
the total imports into Great Britain reached a value of 
£109,986,119, an increase of £1,442,765 over the March 
figure of £108,543,354. The imports of iron ore and scrap 
totalled £1,891,303, a rise of £1,264,151 over the imports 
in April, 1939; whilst non-ferrous metalliferous ores and 
scrap were imported last month to the value of £1,540,492 
or £310,767 above the figure for the same month in 1939. 
The imports of iron and steel and manufactures thereof 
in April totalled £2,777,497, which is £1,788,209 greater 
than the value. of these imports in April last year. Im- 
ports of non-ferrous metals and manufactures thereof 
also reached the high value of £4,889,218, being £1,749,678 
above the imports in the corresponding month of 1939. 
Cutlery, hardware, implements and instruments were 
imported to a total of £485,368, and in this instance there 
is a decline of £62,472 in the value of the imports in April, 
1939. Electrical goods and apparatus were imported to 
the value of £485,917, showing an increase of £254,071 ; 
whilst machinery was brought into the country to the 
value of £3,643,033, an increase of £1,502,081 over the 
imports of similar material in April last year. The value 
of vehicles including locomotives, ships and aircraft, 
imported last month reached £2,205,107 which shows a rise 
of £1,884,453 over the value of the corresponding imports 
in April last year. 


Our April Exports 

The export figures issued by the Board of Trade 
returns for April show that the total value of material 
exported rose to the extent of £6,844,008 to £48,299,823 
compared with the March figure of £41,455,815. In the 
case of iron ore and scrap the exports reached £3,079, 
showing a decrease of £27,988 compared with the figure 
for April, 1939 ; whilst non-ferrous metalliferous ores and 
scrap at £18,987 also registered a decline when compared 
with the exports for April, 1939, of £146,010. Iron and 
steel and manufactures thereof were exported to the 
value of £3,636,151 which is a rise of £680,489 on the value 
of the exports of April last year. Exports of non-ferrous 
metals and manufactures thereof totalled £1,461,268 which 
is £405,242 greater than the value of the exports in April, 
1939. Cutlery, hardware, implements and instruments 
were exported to the value of £977,589 which is £267,179 
higher than the April, 1939, figure. Exports of electrical 
goods and apparatus reached a total of £1,356,688 and 
show an increase of £433,983 on the figure for April last 
year. There was a decline in the exports of machinery 
when compared with last year’s figures which were 
£35,673 lower at £4,152,311. Locomotives, including ships 
and aircraft, were exported to the value of £4,771,503 
last month, which shows a rise of £1,483,512 when com- 
pared with the exports for the month of April, 1939. 


The Pig Iron Market 


The situation in the pig iron market under the 
careful supervision of the Control is less difficult than in 
some other departments of the iron and steel trades. 
Production of those descriptions of iron most urgently 
required is being pressed to the utmost, and whilst there 
may be a stringency in the supply of certain kinds the 
situation is not unsatisfactory considering the intense 
pressure. The foundry iron department falls into two 
sections, the high phosphoric and the low phosphoric. 
The former is in free supply and consumers find little 
difficulty in obtaining their requirements. The situation 
in the low phosphoric market, however, is different and 
the production is not only absorbed immediately, but larger 
quantities would be eagerly taken up if they were available. 
Considerable quantities are being produced in the Midlands 
and are being used by the engineering establishments. 
The motor trades are also big consumers of this description 
and the demand appears to have expanded of late, possibly 
because it is understood that this trade will play a part 
in the export drive. Some consumers, however, find a 
difficulty in obtaining full supplies and have to cover their 
requirements with hematite. Apart from the poor demand 
from the light castings industry the consuming trades in 
the Midlands are actively employed, and are absorbing 
huge tonnages of foundry iron. The Midland producers 
have also to meet the requirements of the consumers on 
the North-East Coast owing to the suspension of the 
manufacture of Cleveland foundry. They appear well 
able to do this, however, and there have been no com- 
plaints from this district of works not receiving their full 
supplies. Lancashire consumers of pig iron are taking up 
large tonnages of pig iron including quantities of special 
sorts used by engineers. The jobbing foundries seem to 

‘ have more work in hand than for several weeks, whilst the 
textile machinery makers and the heavy electrical concerns 
have a large amount of work in hand and are big consumers 
of foundry qualities. In Scotland the light castings 
makers are expecting to be given Government work and 
as they have been working only a few days per week for 
some months the news is welcome. The basic iron pro- 
ducers are pressing output to the utmost but are finding 
it difficult to keep pace with the demand. The production 
of this quality is at a high rate and efforts are being 
made continually to increase outputs. In the hematite 
market active conditions rule. Stocks are low at the 
furnaces and are gradually dwindling in the face of the 
heavy demand. Consumers, however, are receiving steady 
deliveries and it is recognised that the Control is making 
great efforts to ensure equitable distribution. 


The Midlands and South Wales 


Most of the steelworks in the Midlands are in the 
position of having taken as many orders, the majority of 
an urgent character, as they can expect to complete during 
the next four or five months. As a result they are re- 
luctant to accept further business, and consumers, whose 
requirements expand week by week, are searching the 
market to find a works able to accept their orders. These 
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conditions naturally lead to private hopes that the new 
distribution scheme will improve the position for the 
makers as well as for consumers. The consuming trades- 
have work in hand which will last them into the autumn. 
This applies particularly to the constructional engineers, 
most of whom are working on Government orders large 
and small. Factories and extensions to factories are 
going up in many districts in the Midlands and fresh 
orders for work of a similar kind are expected to be placed 
shortly. There is not likely to be any relaxation in the 
demand for joists, bars and sections, and already the 
quantities produced are understood to have exceeded 
previous records. After the constructional engineers, the 
shipyards are probably the largest consumers of finished 
steel. Practically every yard in the country is working at 
capacity and huge tonnages of steel are being absorbed. 
The demand for plates is in excess of the productive 
capacity of the country and there is talk of purchases of 
this material abroad, particularly in the United States. 
Locomotive builders are also busy and have substantial 
orders in hand for home and abroad. The tank. makers 
are better employed than for a long time and most of 
them have Government contracts in hand. The general 
engineers in the Midlands are well provided with work 
and are steadily absorbing large tonnages of steel, whilst in 
addition their requirements of special steels are gradually 
increasing. The sheetmakers in the Midlands, both black 
and galvanised, are operating at capacity. The home 
consumption absorbs most of their output, but efforts 
are being made to take part in the export drive, although 
the demand from overseas appears to have declined 
somewhat during recent weeks. The sheet makers are also 
pressing forward with delayed export orders, with which 
they have been unable to deal owing to the pressure of 
the wardemand. The tinplate trade in South Wales is in a 
flourishing condition and in addition to having unfilled 
orders for over nine million boxes on their books there is 
an active business passing with overseas users. Home 
business has become somewhat quieter of late, but con- 
siderable quantities are being taken up on Government 
account. The steelworks in this district are operating at 
capacity but their production falls short of consumers’ 
requirements. 


The North-East Coast and Yorkshire 


In spite of the great activity at the steelworks 
on the North-East Coast and the large tonnages of material 
turned out, the demand is in excess of supply and the works 
are falling into arrears. Some complaints have been heard 
from shipbuilders of delays in deliveries. This is hardly 
surprising in view of the call upon the production of the 
works, not only by the shipbuilders, but by constructional 
engineers and numerous other firms e in war con- 
tracts. Steady progress is being made in putting the new 
distribution scheme into operation. This latest system does 
relieve the works from a certain amount of responsibility 
in dealing with the orders in hand, and for this amongst 
other reasons it is regarded favourably. The construc- 
tional engineers are absorbing large tonnages but in many 
cases they have to wait some time for delivery of the 
material ordered. Owing to the large amount of Govern- 
ment assisted building in the country, there is an incessant 
and pressing request for all sizes of joists and sections, which 
it is beyond the capacity of the steelworks to satisfy. 
The re-rolling side of the industry is in much the same 
position, but fewer complaints are heard of the tightness 
in the supply of billets and sheet bars. Imports are now 
coming forward with fair regularity, and these in addition 
to the production of the British works have put the mills in 
a more favourable position. It is understood that supplies 
of billets ordered by Norway were diverted to Great 
Britain from Belgium and Luxemburg as a consequence 
of the spread of the war to Scandinavia. With the greater 
supplies of sheet bars now available the sheetmakers are 
increasing their production. The A.R.P. contracts, which 
involved such large tonnages of sheets, have now been 
practically completed, but so heavy are the Government 
requirements for other purposes that there is little material 
left over for any but war contracts. The pressure upon 
the Yorkshire steel industry by consumers anxious to get 
material is unrelaxed. Production has been pressed to 
the utmost but arrears in deliveries are accumulating. 
The new distribution scheme, however, should prevent 
additions to these arrears. The demand for basic steel is 
now a standing feature of the situation and the output 
has reached record proportions. It is doubtful indeed if 
further expansion is possible, as all available plant seems 
now to be in operation. There is also a strong demand 
for special and alloy steels. The works producing this 
material are operating at capacity and engineering firms 
engaged upon war contracts are large consumers. 


Trade Opportunities 

The Government is considering a proposal by 
the South-West Durham Development Board to generate 
current at Cauldron Snout, the waterfall at the head of the 
Tees. New plant and machinery are being installed 
at the Kilchrenan Lime Works in North Argyll which 
have been idle for some years. The lease has been secured 
by H. and J. MacCowan, proprietors of the Cullipool Slate 
Quarries. The Bradford Corporation Finance Committee 
has approved, subject to the granting of borrowing powers, 
the expenditure of £11,752 on the installation of additional 
boiler plant and auxiliary cokehandling plant at the 
Birkshall Gas Works. . The ment of Overseas 
Trade announces that the following contracts are open for 
tender. In most cases local representation is essential. 
Upington Municipality, Cape Province: Supply and 
delivery of fourelectrically driven centrifugal low-lift pumps, 
each capable of delivering 12,500 gallons per hour and 
one vertical spindle sludge pump (40 gallons per minute) 
(Upington, May 29th). Public Works Department, 
Pretoria : Supply, delivery and erection of vertical steam 
boilers, automatic stokers, central heating and hot water 
installation for Ladysmith Hospital (Pietermaritzburg, 
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June Sth). Indian Stores Department: Supply and 
delivery of two horizontal split casing centrifugal pumps 
capable of emptying a dock containing 6,224,300 gallons 
of sea water in 2} hours when working in parallel; one 
vertical unchokeable centrifugal pump capable of pumping 
1500 imperial gallons of sea water per minute ; one positive 
type air cooled vacuum pump of a capacity of about 16 
cubic feet per minute; valves for main pump.; two 
30in. fullway wedge gate sluice valves; drainage pumps ; 
pipework as required ; electric motors and control gear 
for driving main pumps; drainage and priming pump 
motors and control gear for driving pumps. (New Delhi, 
June Ist.) Sydney, N.S.W., County Council: Tenders 
will shortly be invited for a third 50,000 kW steam turbine 
driven alternating current generating set at Bunnerong 
Power Station (October 24th). An Anglo-Egyptian Joint 
Committee has been established in order that permanent 
contact between commercial interests in the United 
Kingdom and Egypt may be secured by an unofficial 
Anglo-Egyptian body, which will study all questions 
relating to trade between the two countries. 


Copper and Tin 

The military situation on the Continent has had 
the effect of speeding up munition production and as a 
result the demand for copper has strengthened. The 
Control, however, has been able to supply the necessary 
quantities and there have been no reports of firms being 
handicapped through lack of supplies. It is probable 
that the Control had envisaged the necessity of meeting a 
more active demand from the munition works, and was not 
caught unprepared. The steady arrival of supplies from 
Empire countries continues and even should the present 
arrangements be inadequate it is believed that there will 
be no difficulty in increasing the quantities to cover any 
eventuality that may arise. It is evident that the British 
and French are working in close co-operation. It is 
noticeable, for instance, that the American export returns 
show that 2900 tons were sent to Great Britain in March. 
It seems probable, however, that this was due to a system 
of interchanging supplies, since it is unlikely that the 
British Control would buy outside the Empire. The 
active buying of copper in the United States following the 
invasion of Belgium and Holland has subsided to a great 
extent, as it is realised that the countries now in German 
possession will not be buyers of American copper... . 
Active conditions have ruled in the tin market principally 
owing to considerable buying by American interests. 
The price, however, which had advanced so rapidly upon 
the news of the German invasion of the Low Countries 
receded when it was realised that the stocks of tin in 
Holland and Belgium were not large and that the principal 
factor influencing the position was that for a time these 
countries would be out of the market. It is pointed out 
that the production of tin could be raised if it were 
required by the Allies and if necessary the export quota 
can be considerably increased. 


Lead and Spelter 

Although the manufacture of munitions has been 
speeded up as a result of the more active war operations, 
the situation so far as British users is concerned is com- 
fortable. Supplies are reaching them with regularity 
and there is no reason to suppose that they will not receive 
the full amount of the metal required. Commercial users 
are not finding it easy to obtain lead, although an effort 
is being made to provide it for the manufacture of articles 
for export. Apparently there is not a great deal of plant 
available for this purpose as almost the entire industry 
is employed upon war work. ... The invasion of 
Belgium will no doubt put out of action the Belgian re- 
fineries, but this will affect the world market more than 
Great Britain, since our supplies are coming almost entirely 
from Empiresources. There isa probability that Germany 
will obtain certain stocks of spelter at the Belgian works, 
but this is unlikely to be of material advantage to her since 
she already holds good supplies of this metal. On the 
other hand, it is suggested that if considerably quantities 
were obtained they might be used as barter with neutrals, 
such as Italy and the Balkans for material the Germans 
need. In Great Britain the situation remains satisfactory 
and all the metal arriving appears to pass at once into 
consumption. The galvanising industry continues to 
absorb large quantities, whilst the brass trade is also 
exceptionally busy. 





Atston Memoria Prize.—The Council of the Royal 
Aeronautical Society has accepted an offer from Mrs, G. 
Alston to found a prize in memory of her husband, Peter 
Alston, who was killed in a flying accident on February 16th, 
1939. The prize, an annual one of approximately £5 in 
value, will be known as the Alston Memorial Prize. It 
will be awarded by the Council of the Society for work 
aiming at the improvement of the safety of aircraft and 
particularly at improvement in stability and control 
and such award shall be made to the Student and/or 
Graduate of the Society who shall in any year be selected 
by the Council of the Society to be its recipient. 
American ArrcraFt Propuction.—A_ well-known 
American radio commentator recently stated that on the 
testimony of Major General Arnold, Chief of the United 
States Air Force, only 52 of the 2700 war aeroplanes 
by that country’s army are not obsolete. Last 
January, he said, the President called for an immediate 
minimum increase of 3000 warplanes, and funds were 
appropriated for the purchase of 5500 machines, but up 
to date not one of these has been delivered. Only about 
6000 machines will be produced during the year ending 
June 30th, 1941. Actual deliveries for the month of 
March, 1940, were 80 machines to the Army, 23 to the 
Navy, and a fairly small number to overseas purchasers. 
The estimated actual deliveries for July, 1940, are 227 
machines to the Army, 55 to the Navy and a few overseas. 
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French Engineering Notes 
(From our own Correspondent in Paris) 
Empire Exploitation 

THE working out of the Anglo-French trade and 
industrial plans may run the risk of a setback under 
pressure of the stupendous war activity unless the idea 
underlying them is kept constantly in mind. So long 
as there was some continuity of effort in realising the 
idea of complete co-operation between the British and 
French Empires for the utilisation of their resources in a 
manner that may provide a basis for economic recon- 
struction after the war fair progress was made under 
difficult circumstances. The plans had to be disentangled 
from hindrances arising out of war conditions, the exigencies 
of national defence, shipping limitations and the like. 
What is more to the purpose is the necessity of making 
a clear distinction between a war time control of trade and 
a comparative freedom of British and French commercial 
exchanges. This distinction is accepted in principle and 
is applied to a certain extent, but not sufficiently, and 
more is required on both sides of the Channel to make the 
co-operation effective. During the new phase of the war 
it is, of course, hardly possible to do much more than is 
now being done, but the main objective must not be 
overlooked, or there may arise a feeling of indifference. 
Any doubts about the value of the colonial collaboration 
are set at rest by the “‘ France Overseas ” exhibition which 
the Government has organised in the Grand Palais, Paris, 
where a grouping of colonial resources and a representation 
of public works give a striking impression of progress in 
French colonial development since the last war. Harbours 
have been constructed in Africa under conditions that 
necessitated particular initiative and skill. The building 
of dams has irrigated territories in the Niger valley and in 
Algeria and Morocco, where electrical energy is distributed 
over large areas. More may be said about these works 
later. An impression conveyed by the exhibition is that a 
great engineering effort has been successfully made to give 
value to territories that were formerly unproductive, and 
the mineral exhibits suggest a wide field of exploitation 
in regions where railways are being and will continue to 
be constructed. As the question of raw materials will 
inevitably occupy a prominent place in post war dis- 
cussions it is clear that some ment of mutual 
interest between Britain and France would be a factor in 
determining a fair international settlement. There can 
be no delusion about the seriousness of the situation 
when hostilities end and controversy begins over what is 
to be done to restore a normal condition of trade and 
industry. The French have no faith in conferences between 
antagonist countries that cannot agree on questions of 
economic policy. Even if some result could be achieved 
it would probably take a long time for any good to come 
of it. The greatly increased industrial potential after the 
war will raise problems that may not be easy of solution. 
The only hope of avoiding a possible disastrous aftermath 
is, in the opinion of our allies, a permanent Anglo-French 
co-operation, of the kind now being worked out, in which 
other countries may ultimately join. 


The Outlook for War Factories 


The General Council of the Seine recently passed 
a resolution inviting the Government to appoint a technical 
commission with the object of preparing plans for the 
transformation of war factories for normal production 
after the termination of hostilities and of elaborating a 
programme of works to be undertaken when the country 
is relieved of its war burden. Monsieur Dautry, Minister 
of Armaments, has replied to the effect that the question 
can hardly be discussed until works and factories have 
reached their maximum production for national defence, 
but he hopes that it will be possible to consider the creation 
of a technical commission at an early date. The problem 
of how to deal with the surplus production potential that 
has increased considerably during the past year is dis- 
turbing industrialists, who fear that this augmented manu- 
facturing capacity at a time when circumstances may have 
lowered consumption on the European continent will cause 
a more serious industrial depression than that which 
occurred after the last war. Experience of conditions at 
that time is sufficient to show the necessity of prudence in 
increasing production and embarking upon new manu- 
factures before there is a certainty of finding markets for 
them. The present increase in production capacity is due 
to extensions of existing engineering works, the building 
of new ones for war needs, and the construction of huge 
temporary factories that are, nevertheless, strongly enough 
built to allow of their being used for industrial production, 
if occasions arise. So far as these State factories are 
concerned it is hardly likely that they will enter into 
schemes of post war production. Engineering firms are, 
on the other hand, increasing their capital in order to 
keep pace with the war effort to an extent that will leave 
the country with a considerably increased manufacturing 
potential. Something must be done to ensure their being 
able to carry on when the time comes to change over from 
war to civil work, and a few months ago the Government 
was invited to create an organisation that would advise 
manufacturers on the expediency of undertaking particular 
classes of production. The suggestions now put forward 
by the General Council of the Seine are of much wider 
import. 


A Nord Locomotive 


The National Railway Company is putting into 
service the first of nine locomotives built for heavy express 
trains in the Nord. It is a 4-6-2 locomotive with three 
cylinders and driving wheels 2 m. diameter. The total 
length of the locomotive with tender is 73ft. 9in. and the 
weight exceeds 123 tons. The tender will hold 36 cubic 
metres of water and from 7 tons to 8 tons of coal. The 
grate is more than usually . The consumption per 
kilometer is 18 kg. of coal and 120 litres of water. Com- 
pletely streamlined, the locomotive will haul a train of 
more than 600 tons at the maximum speed, it is said, of 
87 m.p.h., although during the war the speed on railways 
must not exceed 62 m.p.h. There are, nevertheless, hopes 
eventually of a speed record. . 
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DYNAMOS AND MOTORS 


519,114. August 15th, 1938.—Exneorric Motor ConTROLLERS, 
Allen West and Company, Ltd., of Lewes Road, Brighton, 
and Oswald Thomas David, of the same address. 

This invention refers more particularly to control apparatus 
for a motor having a shunt field. The object of the invention 
is the provision of an improved control apparatus for such a 
motor in which regeneration will be prevented or reduced. 
The motor is a compound wound machine having an armature A, 
a series field B, and an independently excited shunt field C, 
and the speed is varied by variation of the resistance both in 
the series and in the shunt field circuit. As the controller is 
advanced notch by notch for accelerating, resistances Rl, 
R2, R3, R4 are progressively cut out of the series circuit by 
means of contactors Cl, C2, C3, C4, while the shunt field C is at 
maximum excitation and next, when all the resistance is out 
of the series circuit, the excitation of the shunt field is pro- 
gressively reduced by cutting in resistances R6, R7, R8 by means 
of contactors, C5, C6, C7 until the shunt field is finally de-energised 
by opening contactor C8, the motor then being at maximum 

. When, however, the controller is returned to the off 
position for decelerating, the shunt field excitation is not 
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increased in the reverse sequence because the first two shunt 
field contactors viz. contactors C5 and C6 which opened at 
respective notches during acceleration do not close when the 
respective notches are passed during deceleration. The reason 
for this is that these two shunt field contactors C5 and C6 are 
normally closed (that is to say, they are closed when the controller 
is at the off position and the circuits are all dead) and are 
opened during acceleration by being energised when their 
respective notches are reached. When however they are thus 
opened they establish, through auxiliary contacts, maintaining 
circuits for th Ives and theref in open through the 
whole of the decelerating movement of the controller until the 
off position is reached, whereupon their maintaining circuits are 
de-energised and they again close. The effect of this is that 
during the decelerating movement of the controller the motor 
is prevented from regenerating by virtue of the excitation of 
the shunt field C being maintained at a relatively low value. 
The system also comprises means for giving rheostatic braking 
by connecting by means of contactor C9 a part of the series 

i ce in a closed circuit with the armature A and series field 
B, the shunt field being simultaneously excited.—March 18th, 
1940. 





TRANSMISSION OF POWER 


518,365. July 23rd, 1938.—Execrric Castes, Cables Ltd., 
296, High Holborn, London, W.C.1, and Kenneth Sapwell 
Wyatt, of “‘ Ballyhaise,’’ Roxeth Hill, Harrow-on-the-Hill, 
Middlesex. 

The object of this invention is to improve the dissipation of 
the heat in an electric cable. In recent types of cables, for 
instance, oil filled and pressure cables, the question of heat 
dissipation is of extreme importance for operating voltages of 
100 kV and more, since these cables, notwithstanding their 
being highly stressed, must be thickly insulated. In the illus- 
trati A is the conductor, B the insulation, C a metal surface 
on the outside of the insulation, D is a concentric longitudinal 
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duct, E is a distance holder of the latter, F is the ‘inner 
surface of the cable sheathing, and G is the cable sheathing. 
The duct D is filled, for instance, with gas at a pressure of about 
15 atm., the walls of the duct being constituted by the inner 
surface F of the cable sheathing and the outer surface C of the 
cable insulation. The outer surface of the cable insulation 
may consist of a thin lead sheathing or of another pressure 
transmitting gas-tight metal covering, or even only of the usual 
permeable metallisation when the pressure gas is intended to 
penetrate into the dielectric, or when the pressure duct D is 
filled with oil under pressure. The cable sheathing G must be 
made so pressure resistant that it withstands the pressure 
of the pressure medium ; it may, for instance, consist of a pressure 





resisting armoured lead sheathing. Other illustrations show 
suitable forms of resilient members to be provided in the longi- 
tudinal ducts.—February 26th, 1940. 


MISCELLANEOUS 


518,727. A t 29th, 1938.—InTERLOCKING SHEET Mera 
Prune, Sir Harley Hugh Dalrymple-Hay, 17, Waterloo 
Place, London, S8.W.1. 

A watertight cofferdam accordi 
in the accompanying drawing. 
sheet having one side in the form of a male claw- member 
A, and the other a female claw-shaped member B. lhe method 
of constructing a cofferdam consists in driving the first pile, 
which is provided at each end with a male member, then pitchi 
the second pile so that the female member passes down aroun 
the outer periphery of the male member of the adjacent pile. 
In order to make the joint between the members of adjacent 
piles substantially watertight each male member is provided 
at its lower end with a pointed shoe-plug C which assists in the 
driving of the pile and closes the lower end, thereby preventing 


to this invention is illustrated 
ach pile comprises a metal 
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the entry of sand, gravel, or other water-bearing material from 
below. As the pile is being driven the ground immediately 
contiguous to the opening in the male member would normally 
have entry to the space enclosed by the member. To prevent 
this, a liner tube D is inserted and this has a stop or key E which 
enters the space between the two arms. The liner tube is only 
a temporary provision and in order that the joint between 
adjacent piles may be rendered completely watertight, bitumen 
or a bitumastic compound is inserted. is compound is 
consolidated by tamping or ramming by means of a heavy 
ramrod F. As soon as a reasonable depth of the tube has been 
filled the liner tube is gradually drawn up, the ramr 1 being 
continuously operated. Continuous tamping of the ~ mpound 
causes it to pass out from the lower end of the liner tv's to fill 
any space, thereby rendering completely watertight the joint 
between the members.— March 6th, 1940. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 


Crewe Pupils and Premium Apprentices 
To-day, May 24th.—Oddeninos Hotel, Regent Street, W.1. 
50th Annual Dinner. 
Institute of Fuel 
Thursday, May 30th.—Connaught Rooms, Great Queen Street, 
W.C.2. ‘ A Coal Cleaning Policy,’’ A. A. Hirst. 6 p.m. 








CONTRACTS AND ORDERS 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 








SunpeaM CommerciaL VEHICLES, Ltd., Wolverhampton, 
informs us that it has received an order from Rotherham 
Corporation for a further eight Sunbeam-BTH trolley bus 
chassis. These chassis are the Sunbeam-BTH six-wheel 
design, embodying several new features. 





PERSONAL AND BUSINESS ANNOUNCEMENTS 


Paterson HucHes Enotneertnc Company, Ltd., advises 
us that its London Office is being moved to 31, Gorst Road, 
Park Royal, N.W.10. 

Butt Morors (Branch of E. R. and F. Turner), Ltd., 
advises us that it has opened an office at 8, Waterloo Street, 
Birmingham 2, to provide service facilities, quotations and 
technical information to all customers in the Mi ds. 

Peat, Marwick, MircHett anv Co., have been appointed 
secretaries of the Compressed Air Engineering Export Group. 
Sir Harry Peat, K.B.E., and Mr. J. T. Corbett have been 

ppointed independent irman deputy Chairman 
respectively. In future all co: mdence in connection with 
the Export Group will be dealt with at the Secretaries’ offices at 
94, Petty France, Westminster, 8.W.1. 











Screntiric INSTRUMENTS AND APPARATUS: Erratom.—The 
statement hegening in line 13 in the middle column on page 403 
of our issue of April 26th should read :—Sparking occurs at the 
points of maximum potential difference of the sinusoidal curve, 
while the maximum of glow discharge occurs at the zero points 
of the A.C. curve, a fact said to have been discovered by the 
super-stro . 











